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PREFACE
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MAPS (Methodology for Areawide Planning Studies) Work Unit under the Water
Supply and Conservation Research Program. The technical monitors for the pro-
gram at the Office of the Chief of Engineers were Mr. Jim Baliff (CEEC-BU) and
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sity, developed the program with assistance from Mr. John W. Sjostrom, WREG,
and Dr. Thomas M. Walski, WREG. The report was reviewed by Dr. James Male,
Environmental Engineering Department of University of Massachusetts and
Mr. John Cullinane of the Water Supply and Waste Treatment Group (WSWTG), EED,
EL, WES.

The program development was conducted under the direct supervision of
Dr. F. Douglas Shields, Acting Chief, WREG, and under the general supervision
of Dr. Raymond L. Montgomery, Chief EED; and Dr. John Harrison, Chief, EL.

During the preparation of this report, COL Allen F. Grum and
COL Dwayne G. Lee were the Commanders and Directors of WES and Dr. Robert

Whalin was Technical Director.
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Background and Purpose

1. WADISO (Water Distribution Analysis and Optimization) 1is a computer
program which models water distribution systems. The main purpose of the pro-
gram is to assist engineers in designing least-cost improvements to water sys-
tems to meet performance standards.

2. This report is part of the Methodology for Areawide Planning Studies
(MAPS) manual, which is Engineer Manual EM 1110-2-502. This report was issued
as Chapter 28 (Change 6) to the MAPS manual. There are two parts to the
report.

3. Part 1 of the report provides guidance on the use of the WADISO com-
puter model. Appendix A to Part 1 describes how to access the program on the
CDC Cybernet Computer System and run the program on the CDC Cybernet computer
using different data files. Appendix B to Part 1 describes the required hard-
ware and software for running the IBM PC or compatible version of the program
and how to run the program on the IBM PC using different data files.

4, Part 2 of the report provides detailed documentation of the WADISO
program, This part discusses the internal workings of the program in terms of
how the program accepts input data and stores data and how the program per-

forms calculations. Descriptions of subroutines and variables are also pro-

vided as well as the hierarchy of subroutines in the program.
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I CHAPTER 28

- WATER DISTRIBUTION SYSTEM ANALYSIS

s .. AND OPTIMIZATION

\'

f Section 1. Introduction

!

o 28-1. Purpose. This MAPS (Methodology for Areawide Planning Studies) chapter
X provides guidance on the use of the WADISO (Water Distribution System Analysis
N and Optimization) computer module for the MAPS program. WADISO is a user-

4 friendly computer program that aids the engineer in determining optimum pipe

N sizes for use in studies and for constructing, reinforcing, expanding, and

rehabilitating water distribution systems.

28-2. Scope of Chapter. WADISO has been developed at the US Army Engineer
Waterways Experiment Station (WES) for the Office, Chief of Engineers. This
chapter explains how to use the module and interpret the results. It assumes
that the user is familiar with the basic principles of flow in pipe networks
as they apply to the computation of flow and pressure distribution. In Part 2
of this manual, Documentation, a description of the program code is provided.
Knowledge of computer programming is not required to read the User's Guide or
to use the program. However, appreciation of the Documentation requires pro-
gramming experience. Features of the program are described in the remainder
. of Section 1l; program control for simulation is described in Sections 2 and 3;
program control for optimization is described in Section 4; running the opti-
. mization is described in Section 5; and running the extended period simula-

a tion, in Section 6. Section 7 defines the error messages displayed by the
K program.

aswr PR g i

F A8 &

' 28-3. WADISO and MAPS. Although WADISO was developed under the MAPS work

& unit of the Water Supply and Conservation Research Program, it is a stand-
alone program. Instructions for accessing the program on the CDC Cybernet
computer are provided in Appendix B of this manual. Running the program on

. the IBM PC is discussed in Appendix C. Instructions on obtaining the WADISO

program and documentation are given in Appendix D.

3 28-4, Description of WADISO., The WADISO module consists of three major

‘ parts. The first part (simulation routine) computes pressure and flow dis-

b tribution in pipe networks. The second part (optimization routine) calculates

"t cost and pressure distribution for a set of user-selected pipe sizes and

W changes the sizes for selected pipes within user-specified limits until it

X finds the most economical arrangement that meets the pressure requirement.

The third part (extended period simulation) computes pressures and flow dis-

« tribution in pipe networks taking into consideration fluctuating tank water

: ’ levels and varying water use patterns over time. All parts allow for the

! presence of pumps, pressure-reducing valves, and check valves within the water

: distribution system, as well as multiple supply points. There are no limita-

' , tions to layout of the system except that there must be at least one constant
head node (tank or reservoir) for each network. The optimization part of the

i program is intended for use in sizing a limited number of pipes. Typically,

28-1

R ) g .o Wy
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D
;a this part of the program is used to size pipes in an expansion of an existing |
» system, or to improve the pressure conditions in an existing system by clean-
- ing selected pipes or adding pipes parallel to existing pipes. The program is
lf not intended for the sizing of all pipes in large systems. Such sizing is .
S possible with the employed methodology, but the computer time required for the
Q? optimization would be prohibitive.
!. b
'"‘ 28-5. Features of WADISO. While WADISO is a very complex computer program,
ﬂ— it is designed such that it is easy to use. Those users familiar with the
?ﬁ MAPS computer program will find a considerable amount of similarity between
‘Q‘ the two programs. Nevertheless, there are differences, and the user should

:b not automatically assume the WADISO program always works the same as the MAPS
’bt program.

¥
Y a. Computer Experience. No prior experience with computer programming

AN is required in order to use WADISO., All of the commands used during program

i operation are explained in this manual. System commands required to manage

e data files on the CDC Cybernet system are described in Appendix B, and com-
}: mands to run WADISO on the IBM PC are found in Appendix C.

W

" b. Interactive Use of the Program. The WADISO program is designed to be
:‘ used in an interactive mode. Prompts will appear at the terminal to guide the
O user through the program. If the program detects an error or inconsistency,

v it will print a warning. (See Section 7 for error message descriptions.)

;3 Output is provided immediately after each run. If the user wishes, it is
- possible to run WADISO in batch mode. This allows the user to take advantage L

i of lower computer cost for batch mode processing when using the CDC Cybernet
. system.

c. Modular Structure. The program can be run in three ways: as a
steady-state simulation, as an optimization, or as an extended period
X simulation routine., For steady-state simulation the user does not need to
d enter data for cost and optimization constraints related to the optimization
K} routine. Time data related to the extended period simulation are not
necessary for the steady-state simulaticn routine either.

d. Data Files. Simulation and optimization of water distribution sys-
tems require a considerable amount of data. Data for the simulation portion
O of the program can be stored from one run to the next in user-specified files.
’ Additional files can be used to store optimization data and cost data. The
e files are built while using the program. Additional information involving
[ files is found in Appendix B for the CDC Cybernet computer and Appendix C for
W the IBM PC.

, 28-6, Status of WADISO. This manual reflects the status of WADISO as of

> 1 March 1987. However, it is the intent to continuously revise and update the

program to meet the needs of the users. A potential user should check with

the program developers at WES, commercial number 601-634-3931 or FTS 542-3931 N
to determine whether any revisions have been issued since this version of the

manual was prepared.

! 28-2
L)
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”: Section 2, Program Control of Simulation Routine

A .

. 28-7. Introduction. Program execution is controlled from six menus using an
% . interactive format. One menu controls access to the four major routines of

ﬁa the program: simulation, optimization, cost data entry, and time simulation.
e Two menus control the steady-state simulation routine, and one menu each con-
:ﬁ‘ . trols the cost data, optimization, and time simulation routines. Figures 28-1
" through 28-3 show the overall layout of the program, Figure 28-1 emphasizes
;“{ the program steps involving steady-state simulation, while Figure 28-2 empha-~
ek sizes optimization and Figure 28-3 emphasizes the extended period simulation,
[}

28-8, Program Start-Up. After starting the program, the user sees the fol-
", lowing menu:

PROGRAM CONTROL:

'.

p& SIMULATION : ENTER 1 PRESS RETURN

) OPTIMIZATION : 2

NI COST DATA : 3

L TIME SIMULATION : 4

\ TERMINATE PROGRAM : 9

o

ﬁ a. Printing of Menus, Prompts, Responses. The interactive mode of the
&h‘ program automatically prints menus and prompts and does not echo user's

?} responses, If the user desires a different operation (e.g., for running the
,“' . program in the batch mode), he may effect printing of menus, prompts, and

. user's responses by entering any of the responses shown in Table 28-1, After
4} keying in any of these responses, the program returns to the program control
?’ o menu,

"

?5 b. Simulation. To enter the simulation routine, the user selects

Pl option 1. In the menu which follows, the user can select between two options.
}2 Option 1 will permit the user to enter a new system., Option 2 lets the user
k} retrieve the data from a local file containing data of a system previously
W entered and stored:

a...

X

" SIMULATION ROUTINE

4

! SELECT PROGRAM OPTION :

o

1“ TO ENTER NEW SYSTEM : ENTER 1 PRESS RETURN

:%: . TO RETRIEVE DATA : 2

o

o

' If option 1 is selected, the program will start to request data (see para-
—_— graph 28-13, Data Input). If option 2 is selected, the program will request
/ the file name (see paragraph 28-17, Storing Data).

'

(

%)

" . 28-9. Option Menu. The main option menu 1s accessed after an option previ-
ﬁ@ ously selected is completed (i.e., when a new system has been entered and the
2 -

e

i 28-3
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Table 28-1. Character Responses to Program Control Menu and Their Results

‘ RESPONSE RESULT

‘E - EC User's responses are echoed,

; . ME Menus are printed.

L MEN Menus and prompts are printed. User responses are

not echoed., (Default)

s NE User responses are not echoed.

; M Menus are not printed.

} NOM Menus and prompts are not printed. User's
X responses are echoed.

. NP Prompts are not printed.

! PR Prompts are printed.

0 user has typed END or an old system has been retrieved). The menu allows the
. , user to select several options: balancing the network (calculation of flow

¢ and pressure distribution), modifying the network (including change of indi-
vidual parameters, expansion of system, or deletion of part of the system),
printing the input data, storing the data under a user-~selected file name,
retrieving data from a file in which the data were previously stored, printing
the output (this option is available only 1f the system was previously bal-
anced), returning to the program control menu, and terminating the program.
The option menu as displayed at the terminal is reproduced below,

? SELECT PROGRAM OPTION:

Wl

i

BALANCE : ENTER O OR OC PRESS RETURN

‘ MODIFY SYSTEM : 1

3 PRINT INPUT : 2 2C

d STORE DATA : 3

; RETRIEVE DATA : 4
Un R PRINT OUTPUT : 6 6C
- PROGRAM CONTROL : 8

‘ TERMINATE PROGRAM : 9
L)
‘ The options with a C behind the number refer to the format in which input or
:' output 1s to be printed. Without the C the program will pause after the
N printing of one screen (input) or one page (output). This is used for review-
N ing the input data and the output data on a CRT terminal. The option with a C

(for Continuous) 1is used for producing a hard copy at a printer (i.e., no
. stopping after the printing of each page). If the user is viewing data one
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g? page at a time, the program pauses after printing one page. The user enters
o any character (except C and E) to view the next page. If the user enters a C,
. the program will switch to continuous output, If the user enters anm E (for
f\ Exit) during the printing of the node table, the program will advance immedi- .
oy ately to the top of the pipe table. If E is entered during the printing of
BN the pipe table, printing is terminated. Since option 0 automatically accesses
Ry
é: option 6 (i.e., output is always printed after balancing), this convention &
+d also applies to option 0. After an option is completed, program control
Lﬂ returns to the main menu, except for option 9.
B
)
ﬁq 28-10. Description of Options. A general description of each of the options
w0 displayed in the menu follows,
sy
«?
. a. BALANCE, Under this option the program calculates the pressure and
. flow distribution in the water distribution system and prints the results.
;.{ b. MODIFY SYSTEM. This option allows the user to return to the data
50 input routine where any system parameter can be changed, or a system can be
R expanded, or part of a system can be deleted.
Wa
_ ¢, PRINT INPUT. This option permits the user to view the data that were
K. entered or modified in the input routine,
1y
!
« d. STORE DATA, To store data in a local file, the user must access the
:h store routine. The program does not store the data automatically after each
b run, <
‘z e, RETRIEVE DATA. This option enables the user to retrieve data that
8 were stored under d. above. The data must be in a local file. This option is s
ty equivalent to option 2 at the time of program start-up (see paragraph 28-8).
"
P f. PRINT OUTPUT. This option is available only if the system is
a balanced. It will print two tables, one for the node data and one for the
. link data., This option is automatically accessed after balancing a system
k (see a, above),
%
A g. PROGRAM CONTROL. This option enables the user to return to the pro-
'. gram control menu, If a pipe network is to be optimized (sizing of a set of
user-selected pipes) or modeled for extended period simulation, the user must
i return to the program control menu before either of these routines can be
S accessed,
¢
- h. TERMINATE PROGRAM. This option will terminate the computer run,
.: Section 3. Steady-State Simulation of Distribution Systems
f‘: 28-11. Introduction. The water distribution system analysis part of the pro-
N gram calculates the level of the energy grade line and pressure at each node, q
i the flows and head losses in each pipe, flow and head for each pump, and mode
f of operation for each pressure reducing valve (PRV) and check valve for
Y steady-state conditions., The program works for looped and branched networks, 4
: -
» 28-8
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There 1s no need for the user to identify loops in the network. The program
can be run as a stand-alone program and is required with the optimization rou-
tine and the extended period simulation routine,

28-12. Definition of Terms. Throughout this chapter a number of terms are
used which may appear to be standard in connection with water distribution
system analysis. Yet their precise definition may be important in the context
of WADISO and this section on water distribution systems,

a. Pipe Network. While this term is used interchangeably with water
distribution system, a pipe network consists of links and nodes and refers
more to the mathematical representation of a water distribution system.

b. Link. Links are elements that connect two nodes. A link can be a
pipe (with or without a check valve), a pump, or a PRV. A link is defined by
its link number and the numbers of the two nodes it connects.

c. Node. Nodes are the end points of links. One or more links connect
a node to the network. Supply points (reservoirs, tanks) are also nodes since
they are end points of links., Each node is identified by a number.

d. Pipe. A pipe is a link. It is assumed to have a constant diameter
between the two nodes it connects., The diameter is expressed in inches, and
the length is expressed in feet. The program uses the Hazen-Williams head
loss equation and the corresponding Hazen-Williams coefficient. The term
"line" is equivalent to "pipe.”

e. Pump. A pump is a link. It has a characteristic curve that defines
the relationship between pump discharge (in gallons per minute) and pump head
(in feet)., The user specifies three points on the characteristic curve, The
program will then fit a parabola through the three points. The constant term
of the parabola must be positive, The first derivative at zero flow must be
negative, and the second derivative must be negative (see Figure 28-4). As an
option the user can enter only one point on the curve (e.g., the rated capac-
ity and head). In this case the program will default to a characteristic
curve, described in paragraph 28-13.,1 and shown in Figure 28-4, A pump link
has no length associated with it, Elevations of the beginning and ending
nodes of the pump link should be the same.

f. Pressure Reducing Valve. A PRV is another type of link. The pres-
sure setting (in pounds per square inch) for a PRV is the pressure the valve
will try to maintain on the downstream side of the PRV, If the downstream
pressure can be maintained at the pressure setting, the valve is ACTIVE., If
for some reason the downstream pressure exceeds the valve setting, the valve
is CLOSED. If the upstream pressure 1s less than the pressure setting, the
valve 1is completely OPEN. The PRVs also act as check valves (i.e., reversed
flow is not possible). In this case the valve is CLOSED. The operational
mode of the PRVs (ACTIVE, CLOSED, or OPEN) is indicated in the program output,
A PRV 1link has no length associated with it, Elevations of the beginning and
ending nodes of the PRV link should be the same. Two PRVs cannot have the
same ending node. The ending node of a PRV cannot be the beginning node of
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DEFAULT CURVE
Figure 28-4. Acceptable, unacceptable, and default pump curves
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) another PRV, In these cases the two PRVs must be separated by at least one

v leg of pipe, no matter how short.

o g. Check Valve. A check valve limits the flow direction in a pipe. A

' check valve is always associated with a pipe and is therefore not a link by

' itself, If the check valve is open, the output will show the standard pipe
information, followed by the letters CV (for check valve). If the check valve
is closed, the word CLOSED is printed in the output instead of the flow data.

h, Reservoir., A reservoir is a node with a fixed water level (hydraulic
grade line). The elevation of the node is designated as the elevation of the
free water surface; that is, the node elevation (in feet) and elevation of the
water surface coincide. The pressure at such a node is zero.

e

i. Tank. A tank is a node with a fixed water level (hydraulic grade
line). The node elevation (in feet) is the elevation of the foot of the tank.
B The tank water level indicates the vertical distance from the foot of the tank
to the free surface. Unlike a reservoir, tank node shows a pressure larger
than zero. The net inflow from, or outflow to, the tank is computed by the
program; therefore, it cannot be assigned a flow input or flow output.
Although the program is not constrained so, it is easy to think of a reservoir

A as a water supply reservoir and a tank as an elevated storage (distribution)
: tank.

L

- Y,

je Output. Output refers to the amount of water (in gallons per minute)
, . that is withdrawn from the system at a node, Domestic or industrial usage and
fire flows are examples of output. Output is treated to be independent of
local pressure. Output is the same as negative input. A node with output
cannot be assigned a constant head.

of ST S

k. Input. Input refers to the amount of water (in gallons per minute)
that is forced into the system at a node. Input is treated to be independent
, of local pressure, Input is the same as negative output. A node with input
K cannot be assigned a constant head,

28-13, Data Input. Data for the distribution system analysis are entered
interactively from the terminal. The keywords used during data entry are sum-
marized in Table 28-2 and are described in detail below. There is some redun-
dancy in the functions of the keywords, allowing the user flexibility. Some
of the keywords are most useful for data input, while others are best used for
modifications, Data are requested with the following prompt:

Cryg

S. KEYWORD IS xxxx ENTER (KEYWORD) DATA LIST

The S. indicates that the user is in the simulation routine. At xxxx appears

. the current default keyword. For example, when the program expects pipe ;
input, it would prompt S. KEYWORD 1S PIPE ENTER (KEYWORD) DATA LIST. The

format of the user's input is then

. Keyword valuel value2,,.valuen

. 28-11
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::::': Table 28-2. Keywords for Water Distribution Simulation
Reh (S. prompt)
o ACCURACY e XXX )
¢:|’ Press. Accur, Flow Accur. Max. Number of Inter.
Y CHECK VALVE  xxx XXX XXX
R Link # Node # Node #
ol COEFFICIENT XXX XXX XXX X
"'2 First Link # Last Link # Coef.
n::'l: or
oily COEFFICIENT  xxx XXX X
ek Link #  Coef.
:i:i: or
ek COEFFICIENT  XxxXX,.X
: Coef,
“";‘ CREA (xxxx)
SO Data file name
) DIAMETER XXX XXX
:(_\ Link # Diam. in.
‘o END
d ELEVATION  xxx XXX. X
‘;."‘; Node # Elev, ft.
e GET (xxxx)
“{f Data file name
". - INPUT XXX XXX X
," i Node # Input gpm.
. JOB text
5 o LENGTH XXX XXXX o X
j." Link # Length ft.
::: LINE XXX XXX XXX XXeX XXXX . X ( xxx.x )
‘::.:. Link # Node # Node # Diam. in. Length ft, Coef.
e NODE
3 followed by prompt: FOR NODE xx ENTER ELEVATION OUTPUT
‘:::;'. response: XXXX o X (xxx,.x)
f:.n Elev, ft. Output gpm.
u_.::!. OUTPUT XXX XXX X
::.l': Node # Qutput gpm,
ot PIPE XXX XXX XXX XX.X XXXX o X ( xxx.X )
K Link # Node # Node # Diam. in, Length ft. Coef.
) PRV XXX XXX XXX
Wy Link # Node #  Node #
.‘;_I_I followed by prompt: ENTER PRESSURE SETTING
v response: XX, X
. Press.Setting psi.
:.; " Note: Values in parentheses indicate optional entry,
N
ol
Nov. (Continued)
)‘-
N
o
1y
oo 28-12
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Table 28-2. (Concluded)
PUMP XXX XXX XXX
Link # Node # Node #
followed by prompt: POINT x ON CHARACTERISTIC CURVE: ENTER
DISCHARGE, HEAD

response: XXX X XXX . X
Discharge gpm. Head ft.
or: E for point 2 (default curve)
RATIO XXX XXX X o+ XX
First Node # Last Node # Ratio
or
RATIO X o XX
Ratio
TANK XXX XXX.X

Node # Tank Height ft.

For example, to change the diameter of pipe 101 to 10 in., the user enters
DIAMETER 101 10.0

If data are entered without a keyword, the current keyword as displayed in the
prompt ("PIPE" in the above example) will be used, and will remain unchanged.
If a different keyword is to be entered, it must be included and will override
the previous one. Under certain conditions the keyword may default to a new
keyword. For instance, after the keyword JOB, the keyword defaults to PIPE,
Or after the program detects an unrecognizable keyword, the keyword will
default to PIPE, All the keywords can be abbreviated with the first four
letters. Numeric values behind the keyword can be separated by blanks or by
commas., There must be a space or comma between the keyword and the first
numeric value. An entry of only the keyword followed by no numeric value dis-
plays the correct format(s) for keyword.

a. JOB. The alphanumeric characters entered after this keyword become
the title of the job., It is printed at the top of every page of output. The
length of the job name is limited to 60 characters.

b, PIPE. This keyword is used -0 enter the data for a pipe. Diameter
is in inches; length is in feet, The format for this keyword is given below.

Line # Node # Node # Diameter Length Hazen-Williams
(in.) (ft) Coefficlent
PIPE 121 160 165 6.0 3756.0 120

Remember that the keyword need not be entered if the present keyword is PIPE,
The numeric values can be separated by blanks or commas. The Hazen-Williams
coefficient is optional., The program defaults to a value of 100, unless the
default value is changed with the kevword COEF (see paragraph 28-13j)., The
order of the node numbers connected by a pipe does not matter., 1f the user
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"
ﬁﬁ attempts to reenter a pipe, line, pump, or PRV that was previously entered, J
. the program issues the message
Gk ELEMENT xxx WAS PREVIOUSLY ENTERED FROM x TO x
fﬁ NEW DATA RETAINED
o
R
-ﬁﬁ where xxx 1s current link, pump, or PRV number and 4
! x's are node numbers of the link.
\
1 The link is modified with the new data,
|'.'
gp c. LINE. This keyword is equivalent to the keyword PIPE,
L)
L0
4' d. ELEVATION., This keyword is used to enter the elevation of the nodes.

. It 1s the elevation at which the pressure of a node is to be determined., Ele-
{ vation 1s given in feet and must be greater than zero. The format for this
; keyword is given below.

Node # Elevation
X (ft)
L ELEVATION 115 867.6

‘y.‘.

Elevations also can be entered when ;178 the keyword NODE (see para-
graph 28-130).

O
N
W
o e. OUTPUT. This keyword is used to enter a censtant output of water, 1
| for instance a domestic load, which is independent of pressure to be calcu-
50 lated by the program. Output is entered in gallons per minute. ~he format
>
; for this keyword is given below, 1
7,
¥, Node # Output
(gpm)
o OUTPUT 271 535.0
)
K"
N If output is assigned to a node previously declared a constant head node (with
':- the kevword TANK), the output assignment overrides the constant head assign-
n*' ment, (A node cannot be both a constant output node and a constant head
. (tank) node.) Output also can be entered when using the keyword NODE (see
v paragraph 28-130). Later, if the user attempts to redefine an input or output
T node as a tank, the program displays
o,
Q': x WAS ENTERED WITH OUTPUT/INPUT 1
o8 NEW DATA RETAINED
. where x is the node number. i
I‘ -,
[ 1
va The node becomes a tank,
W q
f: f. INPUT. This keyword is used to enter a constant input of water into
I the system, which i1s independent of pressure to be calculated by the program.
b Input is entered in gallons per minute, The format is the same as for output. ‘
£
' ‘E{
’ 28-14
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Node # Input
(gpm)
. INPUT 317 525.0
Be
.’? ' Using the INPUT keyword is equivalent to using the OUTPUT keyword with a nega-
5% tive value for the output, If input is assigned to a node previously declared
k- . a constant head node (with the keyword TANK), the input assignment overrides
A the constant head assignment.
\
a.a
’; g. TANK, This keyword is used to designate a node with constant head.
e, The format for this keyword is given below,
-
“? Node # Tank Water Surface Height
bals (ft)
. TANK 7 85
",
\@3 The water level in the tank is given in feet above the elevation of the node.

If a tank water level of zero is specified, the program will label the node as
reservoir, If a tank is assigned to a node previously declared a node with
input or output (with the keyword INPUT or OUTPUT), the tank assignment will

Y
5!Qﬁf

.L override the input or output assignment, If the user later attempts to enter
! ﬁ an input or output for a node that was previously entered as a tank, the pro-
46N gram responds
S8
~
? . x WAS ENTERED AS A SUPPLY POINT
bl NEW DATA RETAINED
.y
S where x is the node number,
o
D" -

The node becoumes an input or output node.

»
L3
.

h. DIAMETER. This keyword is used to indicate the diameter of a pipe.
Diameter is given in inches. The format for this keyword is given below,

R x
l.u.

-

'n
ﬂ;. Link # Diameter
. (in.)
T3 DIAMETER 17 8.0
o This keyword is typically used only when changing a diameter, since usually
Qs: the diameter is specified under the keyword PIPE., If a user attempts to enter
N a diameter for a pipe not yet entered under the keyword PIPE, the program will
e.: print an error message, Lf the pipe size is to be determined during the opti-
.h. mization, any pipe size can be entered for diameter.
.'_ i, LENGTH., This keyword is used to enter the length of a pipe. Length
i- is given in feet, The format for this keyword is given below.
M
e Link # Length
M
O (ft)
ot LENGTH 38 5260.0

2LE2A®
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This keyword is typically used only when changing a length, since usually the
length is specified under the keyword PIPE. 1If the user attempts to enter a
length for a pipe not yet entered under the keyword PIPE, the program will
print an error message,

j« COEFFICIENT. This keyword is used to enter the Hazen-Williams coef-
ficient of a pipe or group of pipes, or to change the default value. Which
one of these three options is invoked depends on the number of numeric values
provided. To enter the coefficient of a single pipe the format is

Link # Coefficient
COEFFICIENT 11 95

This will override the coefficient previously entered for the indicated pipe
link, either under the keyword PIPE or COEF., To enter the coefficient of a
group of pipes, the format is

Link # Link # Coefficient
COEFFICIENT 11 37 95

In this case the Hazen-Williams coefficient of all the existing pipes with
numbers in the range 11 through 37 (inclusive) will be changed to 95. Links
other than pipes in the indicated range (pumps, PRVs) are not affected. To
change the default value, the format is

Coefficient
COEFFICIENT 120

In this case the C-factor for all pipes that were assigned the default value
is changed to the new default value, Note that in all three cases the last
value is the new coefficient.

k., ACCURACY. This keyword is used to specify the accuracy to which com-
putations should be carried and (as an option) the maximum number of itera-
tions to be performed. The user specifies a pressure accuracy in pounds per
square inch and a flow accuracy in gallons per minute. The largest error in
the system will be less than the value entered under this keyword. For an
exact definition of the term "accuracy,”" see Part 2 of this manual, Documenta-
tion., If the ACCURACY keyword is not used, the program uses the following
default values: pressure accuracy, 2 pounds per square inch; flow accuracy,
10 gallons per minute; number of iterations, 25. The format for this keyword
is given below.

Pressure Flow Number of

accuracy accuracy iterations

{psi) (gpm) (optional)
ACCURACY 4 20 10

The number of iterations is optional. The program uses a numeric technique 1in
which the head loss equations of all pipes (or characteristic curve of the
pumps) are linearized and solved simultaneously with the continuity equation
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of all nodes., Such a technique shows excellent convergence. The number of
iterations required is independent of the number of nodes and pipes in the
system, A system without PRVs and without check valves typically converges
within five to seven iterations for a flow accuracy of 1 gallon per minute and
pressure accuracy of 1 pound per square inch, (Typically, the flow accuracy
is the controlling factor.) Systems with PRVs and/or check valves require

N roughly twice as many iterations. After the use of the keyword ACCU, the key-
word will be changed back to PIPE,

1. PUMP. This keyword is used to enter data for a pump. First, the
link number and its end nodes are entered. Note that pumps are numbered in

the same manner as pipe and PRV numbers., Do not use the same link number for
a pipe and a pump or PRV,

Link # Node # Node
PUMP 78 81 82

While the order of the node numbers does not matter when entering data under
the keyword PIPE, the order here is important. The pump is assumed to pump
from the first node number listed to the second one. If the extended period
portion of the program is to be used to model parallel pumps, insert short
(e.g., 1-foot) links on either side of the pumps connecting to a common node
so that if one pump turns off, it will not affect the other. The illustration
below shows the correct and incorrect way to enter parallel pumps for the

extended period simulation. For steady-state simulation, either method is
acceptable,

/,O——pump 1--0\\

0) O ~——=pump l-~--
\\0—-pump 2--0" C>--——-pump 2-----p
CORRECT INCORRECT

0 = node

The pump entry is followed by the prompt:

POINT xx ON CHARACTERISTIC CURVE: ENTER DISCHARGE, READ

This prompt appears three times. At xx the numbers 1, 2, and 3 will appear,

e respectively, The discharge is to be entered in gallons per minute, and the
3{ head i3 entered in feet, If the quadratic equation fitted through the three
MY points does not meet the requirements listed in paragraph 28-12e, the program
::' will print an error message and reject the data. The user mav enter only the

G 5 first point and respond to the second request with the letter E (for EXIT).

e The program will then default to a characteristic curve that has a head of
'2; 133.3 percent of the head entered for point 1 at flow zero and a head of zero
b2 at a discharge twice the discharge entered for point 1 (see Figure 28-4),
'=$ After the three points are entered, the program will print the coefficients
W and return to the standard input prompt under the keyword PUMP, The units of
o
AA
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the coefficients are such that flow is in cubic feet per second and head is in
feet, Up to 20 pumps can be used in a system.

m. PRV. Note that this keyword has only three characters. It is used
to enter data for PRVs. First the link number and its end nodes are entered
in the same manner as a pump. The format for this keyword is given below.

Link # Node # Node
PRV 278 113 101

The PRV is assumed to allow flow only from the first node number listed to the
second one since PRVs also act as check valves. The constant pressure, if
possible, will be maintained at the second node listed. This entry is fol-
lowed by the prompt:

ENTER PRESSURE SETTING

The pressure setting is given in pounds per square inch. After the pressure

setting is entered, the program will return to the input prompt under the key-
word PRV,

n, CHECK. This keyword is used to insert a check valve into a previ-
ously entered . pipe. The format for this keyword is given below,

Link # Node # Node
CHECK 27 97 84

The program will assume that the check valve will allow flow only from the

first to the second node. If the indicated pipe number was not previously 4
entered or the node numbers do not match those previously entered for this

pipe, the program will print an error message and reject the data.

o. NODE. This keyword offers an alternative to the use of the keywords
ELEVATION and OUTPUT for entering data pertaining to a node. It is most con-
veniently used if the user first enters all the pipe, pump, and PRV data, He
can then enter the keyword NODE without any numeric values:

NODE
The program will now respond with the following prompt:

FOR NODE xx ENTER ELEVATION OUTPUT

At xx the node number for which data are requested will appear, starting with

the lowest node number used for a beginning or ending node of a link. The

numeric value for OUTPUT is optional, For instance, nodes with constant head

will require only the elevation on this line of data. If the keyword NODE is

used after some node elevations were already entered under the keyword ELEVA-

TION, these nodes will be skipped. The keyword NODE can also be used if at a

later time the system is expanded. The program will then prompt only for

those nodes just added. For example, if a user entered a pipe from node 7 to -

28-18
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node 10, and the elevation for node 10 had not been specified, the user could
enter NODE, to which the program would respond FOR NODE 10 ENTER ELEVATION
OUTPUT and the user would respond "150 25" to indicate that the elevation of
the node 1s 150 feet and the water use is 25 gallons per minute. After the
data for all nodes have been entered, the program returns to the standard
prompt with the keyword TANK,

p. RATIO. This keyword is used to multiply the present output (entered
under the keyword OUTPUT or NODE) at a sequence of nodes or all nodes by the
indicated factor. For example, this keyword is used to simulate peak day
flows if the output data entered under the keyword OUTPUT correspond to aver-
age day flow. Note that there are two formats for this keyword. The format
for changing the output at a sequence of nodes is

Node # Node # Ratio
RATIO 10 47 1.8

The present output at all nodes with numbers between 10 and 47 (inclusive)

will be multiplied by the indicated ratio., The format to change the output at
all nodes is

Ratio
RATIO 1.8

In both cases, nodes that were designated as constant head nodes (reservoirs,
tanks) and nodes that were assigned an input are not affected. Note that in
both formats the last value is the ratio.

q. CREA, This keyword is used to store a system that has only partially
been entered. It should be used when all of a system cannot be entered during
one session. The format for the keyword is given below:

CREA DATFIL

where DATFIL is the name of the file on which the partial system data will be

stored. This name is optional; if not entered, data will be stored on file
SYSDA,

r. GET. This keyword is used to retrieve system data from a system that
was only partially entered., The format for the keyword is given below.

GET DATFIL

where DATFIL is name of the file on which the partial system data were stored,
If no name is given, file SYSDA will be read from, Only partial data files
(interim data files) should be retrieved using keyword GET. Complete data
files should be retrieved by selecting the RETRIEVE DATA option from the
option menu, For additional information on storing and retrieving data, see
Appendix B (Cybernet) and Appendix C (IPM PC),

28-19
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4 : s. Deleting Elements, The user can delete links. If the deletion of a
i link results in a completely disconnected node, the program will automatically
e, delete this node and all data associated with it., The link is deleted using

3* any one of the regular link keywords (PIPE, LINE, PUMP, or PRV) followed by
f:fl the 1link number and a O (zero). For instance, "PUMP 117 0" would delete the
E:jﬂ pump with number 117. Since the program does not check on the type of element
P i: being deleted, in the above example, PIPE 117 0 would accomplish the same
Al thing, as would PRV 117 0. Check valves are removed from a pipe by reentering
‘:) the complete pipe.

20

4 t. END. This keyword will terminate the data entry routine. The pro-
}¢g gram will return to the main simulation option menu.
;'0,'!

)
}5' u, Printing the Input Data. Upon entering the keyword END, program con-
N trol returns to the main option menu, The user can select option 2 or 2C to
:'w( review the input data. The program will print two tables.

A

o

‘55 (1) The first table is a node table that gives node number; eleva-

>

s tion, feet; output, gallons per minute; and comment. The comment column is
™

& used to flag the constant head points with either the word RESERVOIR or TANK.
. A negative value in the output column indicates a flow input,
¥ 2

o (2) The second table is a link table (including pipes with check
:{:- valves, pumps, and PRVs) that gives link number; beginning node; ending node;
}ﬁh' diameter, inches; length, feet; Hazen-Williams coefficient (* indicates

o default value); and comment, For pipes with a check valve, the words CHECK
{ . VALVE appear in the comment column, In the case of pumps, the word PUMP is

o printed in this column., In the case of PRVs, "PRV AT xx PSI" is printed in

x§ the comment column. At xx the pressure setting of the PRV is printed.

)

@f& (3) An example of the printed input is shown in Table 28-3, After
at printing the input data, program control returns to the main option menu (see

paragraph 28-9).

)
‘}if 28-14, Balancing of System. To balance the system (compute pressure and flow
:Q? distribution), the user takes option 0 or OC in the main option menu. The

NS program first lists the pressure and flow accuracy limits. It then prints the
e, estimated maximum error at the end of every iteration. For example:

s ACCURACY LIMITS: 2.0 PSI; 10.0 GPM

,ﬁ“: ESTIMATED MAXIMUM ERRORS:

;:: ITERATION # 1: 61.7 PSI AT NODE 14; 3312. GPM AT NODE 5

o etc,
;7‘ SYSTEM IS BALANCED 1
T;? The program proceeds with printing the output. If the system is not properly
:{i balanced after the specified maximum number of iterations, the program prints
>3 a warning message.

J;:

o

Do

28-20
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f' " ) Table 28-3. Input Data for Example 1
4
i
-, . PIPE NETWORK ANALYSIS AND OPTIMIZATION
:,u.
ol JOB: EXAMPLE 1
; NODE ELEV. OUTPUT
R0 NO FT. GPM
;2 2 950.0 WATER LEVEL: 100.0
pr< 3 910,0 0.
B 6 905.0 50.
7 11 950.0 RESERVOIR
s 12 970.0 0.
o 13 920.0 0.
o 15 890.0 80,
~ 16 890.0 75.
i, 25 890.0 0.
* 26 890.0 0.
e 33 870.0 50.
oy 34 870.0 0.
e 35 870.0 75.
- 36 850.0 1500,
.l
MR PIPE CONNECTIONS
- PIPE B E DIAM. LENGTH H-W-C
"’2 NO. NODE NODE IN. FT.
i) 11 3 13 8.0 1800.0 100, *
~ 13 6 16 10.0 1000.0 100, *
= 22 15 25 PRV AT 60,0 PSI
o 23 16 26 PRV AT 60.0 PSI
f_‘d 31 13 33 8.0 1000.0 100, *
Pt 32 25 35 8.0 1000.0 100, *
ey 33 26 36 8,0 1000.0 100, *
101 2 3 12,0 2000,0 100, *
, 102 3 6 10,0 1500.0 100,*
3} 110 11 12 PUMP
W« 111 12 13 12.0 5000,0 100,*
N 112 13 15 8.0 1500.0 100, *
160 114 15 16 8.0 1500.0 100, *
S 122 33 34 PRV AT 60,0 PSI
o 123 34 35 8.0 1500.0 100, *
ot 124 35 36 8.0 1500.0 100, *
w PUMP COEFFICIENTS FOR PUMP 110
- Q*Q Q CONSTANT
o, -3.7772  -1.1221 151.3
N
o 28-21
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28-15. Qutput. Output is provided automatically after balancing (option O or
0C). Also, if a system 1s balanced when the main option menu is displayed,
option 6 or 6C is available and will access the output routine.

;"
b ‘.";‘
fﬂiﬁ a, Node Table. The first table that is printed lists all nodes. Data
‘jﬁi given include:
Y
A9 (1) Node number.
v (2) Elevation of node, feet,
?sjﬁ (3) Output, gallons per minute.
%*{: (4) Elevation of hydraulic grade line (E.G.L.), feet,
. (5) Head, feet,
$5‘ (6) Pressure, pounds per square inch.
v (7) Comment.,
. tﬁ The output column shows the output (positive value) or input (negative value)

3 as specified under the keywords OUTPUT and INPUT, respectively. At constant
. Y head nodes (tanks or reservoirs), a negative value indicates the net inflow
.Qﬁu from the tank or reservoir into the system; a positive value indicates the net
R outflow from the system into the tank or reservoir. The comment column flags
, the constant head nodes with either the word RESERVOIR or TANK.
I\
,3;j b. Link Table. The second table printed lists all pipes (including
njt' those with check valves), pumps, and PRVs, The table gives:

-
P (1) Link number.
D (2) Node number from which the flow comes.

ﬁh (3) Node number toward which the flow goes.
,:i; (4) Diameter, inches (PRV or check valve status).
j:': (5) Length, feet.

<y (6) Hazen-Williams coefficient (* indicates default value).
s (7) Flow, gallons per minute,
;) (8) Velocity, feet per second.
\’: (9) Head loss, feet (pump horsepower).

W,
i\;: Note that the flow direction is indicated by the order in which the node num-
:*f- bers are listed. In the case of pumps, the word PUMP appears in column 4 fol-
O lowed by the pump head, and the discharge of the pump in column 7 again
‘.. followed by the (hydraulic) power produced by the pump in horsepower. In the
QJ; case of PRVs, the word PRV appears in column 4, followed by the pressure

s setting and one of the words ACTIVE, CLOSED, or OPEN, depending on the mode in
’h: which the PRV operates (see 28-12f). For pipes with check valves, the infor-

T mation is the same as for a regular pipe if the check valve is open, with the
b letters CV printed in the right margin of the table. If the check valve is
:Q closed, 'CHECK VALVE CLOSED" is printed, starting in column 4. An example of
N the printed output is shown in Table 28-4,

T,

‘};? 28-16. Consecutive Runs. After a system is balanced and output is printed,
‘g - control returns to the main option menu., If at this point option O or OC is

y selected, the program will continue balancing the system to a higher degree of
‘:: accuracy even if the accuracy requested is not changed. This is because the

1 ﬁ 28-22
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g Table 28-4, First Output for Example 1
\d
A .
I PIPE NETWORK ANALYSIS AND OPTIMIZATION
2 - JOB: EXAMPLE 1
: NODE_DATA Page |
)
)
i; NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
‘4 NO. FT, GPM FT. FT. PSI
i
B 2 950.0 -720. 1050.0 100.0 43,3 SUPPLY
: 3 910.0 1045.5 135.5 58.7
[ 6 905.0 50. 1030.6 125.6 54.4
>, 11 950.0 -1109. 950.0 RESERVOIR
5 12 970.0 1075.4 105.4 45,7
. 13 920.0 1050.3 130.3 56.5
" 15 890.0 80. 1022.0 132.0 57.2
. 16 890.0 75. 1021.6 131.6 57.0
f 25 890.0 1022.0 132.0 57.2
26 890.0 1021.6 131.6 57.0
K 33 870.0 50, 1050.2 180.2 78.1
R 34 870.0 1009.4 139.4 60.4
N . 35 870.0 75. 1009.4 139.4 60.4
\ 36 850.0 1500. 994.5 144,5 62.6
'. PIPE DATA
PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
. NO.  FROM TO IN. FT. COEF GPM _ FT/SEC LOSS
‘3 11 13 3 8.0 1800.0 100.* 273. 1.7 4.9
- 13 6 16 10.0 1000.0 100, * 941, 3.8 9.0
a 22 15 25 PRV AT 60.0 PSI OPEN
r 23 16 26 PRV AT 60.0 PSI OPEN
31 13 33 8.0 1000.0 100, * 51, .3 .1
$ 32 25 35 8.0 1000.0 100, * 627. 4.0 12.6
2 33 26 36 8.0 1000.0 100, * 947, 6.0 27.1
. 101 2 3 12,0 2000.0 100, % 720. 2.0 4.5
. 102 3 6 10.0 1500.0 100, % 991, 4.0 14.9
" 110 11 12 PUMP HEAD 125,4 FT 1109, POWER  35. HP
' 111 12 13 12.0 5000.0 100, * 1107. 3.1 25.1
K 112 13 15 8.0 1500.0 100, * 780. 5.0 28,4
" 114 15 16 8.0 1500.0 100, * 79. .5 A
‘B 122 33 34 PRV AT 60.0 PSI CLOSED
R 123 35 34 8.0 1500.0 100, * 0. .0 .0
: 124 35 36 8.0 1500.0 100, * 551, 3.5 14.9 |
4
3 28-23
b |
(
)

PO L)
e " w

: -~ L SO U S TR S W i) “n c e e, TR TR L S R R Y L SR L e L My
AUV Ay -y Y = e Y et \‘r‘. >, - Y v . FomN, NS IS IY P
Nl ..l'.!:‘ﬂa s Ly ' o W ' HARRINAEN ’x AT LRIV VU RN AR W W i

- o W ‘
':"’!'l.'h‘f




Col EM 1110-2-502

i Part 1 of 2

b'% Change 6

by

:'5: program will always go through at least three iterations. The user can also

g select option 1, which returns control to the input routine as described in
paragraph 28-13. At this point the user can change any parameter in the sys-

j“’ ten, expand the system, or delete part of the system. The keywords used are

B, the same as described in paragraph 28~13., Upon entering the keyword END, con-

:iﬁ trol returns to the main option menu, and the user can balance the system

:a(' again or select any other option available,

LM P

f1) 28-17. Storing Data. In the main option menu the user can select option 3 to

41'9 store the input data before balancing or both the input and output data after

bﬂi balancing. The program will respond with the prompt ENTER FILE NAME. The

{:ﬁ user enters any file name that conforms with the file name requirements of the

L computer system. If a balanced system is stored, the output is stored with

Rl all the system parameters. The only exception is the net outflow at constant

- head tanks, which is not stored. For additional information on storing data

e files refer to Appendix B (Cybernet) and Appendix C (IBM PC), Data stored

@'* that way can be retrieved again through option 2 in the start-up menu (see

wa paragraph 28-8) or option 4 in the main option menu.

Q‘.

Pl 28-18. Example 1. The network for this example is shown in Figure 28-5. The

. purpose of the example is to illustrate first the data input routine. The

’\i program will then be rerun a number of times to illustrate some of the options

w:: available, Below, a run of the program is shown, from the point when the pro-

*:j gram has begun. Lines without a question mark are the prompts printed by the

) program. The user's input appears after the question marks.

PROGRAM CONTROL :

N ?7 112 13 15 8 1500
ot S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
P/

ﬁg SIMULATION : ENTER 1 PRESS RETURN
R OPTIMIZATION 2
b COST DATA : 3
oy TERMINATE PROGRAM : 9
h.l ') 1
=, SIMULATION ROUTINE
l. 1l
s SELECT PROGRAM OPTION :
¢ TO ENTER NEW JOB : ENTER 1 PRESS RETURN
o TO RETRIEVE DATA : 2
.l‘_ s
e ? 1
:ﬁ- S. KEYWORD IS JOB ENTER (KEYWORD) DATA LIST
3 7 EXAMPLE 1
3a S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST _—
N ? 101 2 3 12 2000 )
‘o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
; ? 102 3 6 10 1500 )
e S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
oo 7 111 12 13 12 5000 )
}:: S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
. )
)

\
i
: 28-24
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R
N
s ? 114 15 16 8 1500 )
e S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
? 123 34 35 8 1500 ) Pipe Data
$§¢ S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
el ? 124 35 36 8 1500 )
N S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
szﬁ 2 11 3 13 8 1800 )
BN S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
) ? 13 6 16 10 1000 )
Wl S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
{53 ? 31 13 33 8 1000 )
R S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
R ? 32 25 35 8 1000 )
A S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST )
‘ ? 33 26 36 8 1000 )
s S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST —
s ? PRV 22 15 25 )
T ENTER PRESSURE SETTING )
oS, ? 60 )
) S. KEYWORD IS PRV ENTER (KEYWORD) DATA LIST )
o ? 23 16 26 ) PRV Data
o ENTER PRESSURE SETTING )
N ?
. ? 60 )
{é S. KEYWORD IS PRV ENTER (KEYWORD) DATA LIST )
R ? 122 33 34
s ENTER PRESSURE SETTING )
: 7 60 )
o S. KEYWORD IS PRV ENTER (KEYWORD) DATA LIST = =——-——ee
5]
o ? PUMP 110 11 12 )
e POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD )
o ? 600 143 ) Pump
W POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD ) Data
J 7 1000 130 )
ot POINT 3 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD )
W ? 1400 111
L S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST =  =—==-==-
e ? NODE )
X FOR NODE 2 ENTER ELEVATION OUTPUT )
o 7 950 )
b FOR NODE 3 ENTER ELEVATION OUTPUT )
S9N ?7 910 )
‘o FOR NODE 6 ENTER ELEVATION OUTPUT )
A ? 905 50 ) Node Data
* FOR NODE 11 ENTER ELEVATION OUTPUT )
0. 2 950 )
“;:. FOR NODE 12 ENTER ELEVATION OUTPUT )
'y ? 970 )
¥,
o FOR NODE 13 ENTER ELEVATION OUTPUT )
o ? 920 )
% FOR NODE 15 ENTER ELEVATION OUTPUT )
y 7 890 80 )
%lﬁ 28-26
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& A FOR NODE 16 ENTER ELEVATION OUTPUT )
, ? 890 75 )
. FOR NODE 25 ENTER ELEVATION OUTPUT ) Node Data
h ? 890 )
{b ) FOR NODE 26 ENTER ELEVATION OUTPUT )
v ? 890 )
f*; - FOR NODE 33 ENTER ELEVATION OUTPUT )
iy ? 870 50 )
'} FOR NODE 34 ENTER ELEVATION OUTPUT )
ta: ? 870 )
{l FOR NODE 35 ENTER ELEVATION OUTPUT )
e ? 870 75 )
:5 FOR NODE 36 ENTER ELEVATION OUTPUT )
r ? 850 1500 )
: S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST ——
Mo 7110 )
{ i S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST ) Tank Data
: ; ? 2 100 )
¥ S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST )
' ? END -—
- After the menu appears, select option 2, PRINT INPUT. The node and link table
N : for the input data is shown in Table 28-3. In the menu, select option O,
a z BALANCE. The program will respond with printing the accuracies, iteration by
iy

iteration, as shown below,

g ACCURACY LIMITS: 2.0 PSI; 10.0 GPM

f § ESTIMATED MAXIMUM ERRORS:

K)

ﬁ" ITERATION # 1 : 61.7 PSI AT NODE 14: 3312. GPM AT NODE 5
o ITERATION # 2 : 31,0 PST AT NODE 5: 625. GPM AT NODE 6
s ITERATION # 3 : 9.1 PSI AT NODE 12: 663, GPM AT NODE 1!
:) ITERATION # 4 : 3.4 PSI AT NODE 12: 228. GPM AT NODE 7
[ ITERATION # 5 : 1.4 PST AT NODE 7: 126, GPM AT NODE 7
'~ ITERATION # 6 : 1.9 PSI AT NODE 9: 58. GPM AT NODE 7
) ITERATION # 7 : .6 PST AT NODE 14: 27. GPM AT NODE 7
.J ITERATION # 8 : «3 PSI AT NODE 14: 12. GPM AT NODE 7
"F ITERATION # 9 : .1 PSI AT NODE 14: 6. GPM AT NODE 7
"’rf" SYSTEM IS BALANCED

“ )

B . The output is shown in Table 28-4, Note that PRVs 22 and 23 are OPEN because

the upstream pressure is below the pressure setting. PRV 122 is CLOSED
because the downstream pressure is larger than the pressure setting. Conse-

.:.i quently, pipe 123 has exactly zero flow. If the network could be perfectly
v t‘ balanced, pump 110 and pipe 11l would show the same flow. However, the
;*‘ accuracy for flow rates defaulted to 10 gallons per minute, In the last
‘109 iteration the model had actually reached a flow accuracy of 6 gallons per
:ﬁi minute, To show how the accuracy can be further improved, once more enter
& option 0 in the main option menu. With the accuracy limits unchanged, the
N program will execute three iterations.
).:

%
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Change 6
ACCURACY LIMITS: 2.0 PST; 10,0 GPM
ESTIMATED MAXIMUM ERRORS:
ITERATION # 1 : .1 PSI AT NODE 14; 3. GPM AT NODE 7
ITERATION # 2 : .0 PSI AT NODE l4; 1. GPM AT NODE 7
ITERATION # 3 : .0 PSI AT NODE 14; 1. GPM AT NODE 7

SYSTEM IS BALANCED

The output is shown in Table 28-5. After the system was balanced the first
time, the largest change in any flow rate was 4 gallons per minute and the
largest change in pressure was 0,1 pound per square inch, both consistent with
the estimated accuracies. Assume now that a check valve is inserted into

pipe 11 limiting the flow from 3 to 13. This change should result in a con-
siderable change in the system since, at present, 247 gallons per minute are
flowing through this pipe toward the tank. Also, the Hazen-Williams coeffi-
cient is to be changed to 120 for all pipes. From the option menu, take
option 1. The prompts and responses are reproduced below,

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? CHECK I1 3 13

S. KEYWORD IS CHEC ENTER (KEYWORD) DATA LIST
? COEF 120

S. KEYWORD IS COEF ENTER (KEYWORD) DATA LIST
? END

In Table 28-6 the output for this run is reproduced. The accuracies after the
last iteration are estimated to be 0,2 pound per square inch and 9 gallons per
minute, Note that PRVs 22 and 23 have switched to active mode. The check
valve in pipe 11 is closed. In the last change the output is reduced by

10 percent (multiplication factor 0,9) and an output of 1,800 gallons per
minute is assigned to node 36. Also, output at node 35 is to be eliminated.
From the main option menu, select option 1.

S, KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? RATIO .9

S. KEYWORD IS RATI ENTER (KEYWORD) DATA LIST
? OUTPUT 36 1800

S. KEYWORD IS OUTP ENTER (KEYWORD) DATA LIST

7350

S. KEYWORD IS OUTP ENTER (KEYWORD) DATA LIST

? END ‘
The output for the balanced system is shown in Table 28-7. The accuracies are 4

estimated at 0.3 pound per square inch and 7 gallons per minute. This con-
cludes Example 1,

Section 4, Program Contrel for Optimization Routine

28-19, 1Introduction. The optimization routine is accessed from the program
control menu (see paragraph 28-8) by selecting option 2. This routine is then ‘
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Output for Example 1 After Second Balancing

PIPE NETWORK ANALYSIS AND OPTIMIZATION

JOB: EXAMPLE 1
NODE DATA Page 1
NODE ELEV, OUTPUT E.G.L. PR.HEAD PRESSURE
NO. FT, GPM FT. FT, PSI
2 950.0 -722. 1050.0 100.0 43.3 SUPPLY
3 910.0 1045.5 135.5 58.7
6 905.0 50, 1030.5 125,5 54.4
11 950.0 -1108, 950.0 RESERVOIR
12 970.0 1075.5 105.5 45,7
13 920.0 1050.3 130.3 56.5
15 890,0 80, 1021.8 131.8 57.1
16 890.0 75, 1021.4 131.4 56.9
25 890.0 1021.8 131.8 57.1
26 890.0 1021.4 131.4 56.9
33 870.,0 50. 1050.2 180.2 78.1
34 870.0 1009.2 139.2 60,3
35 870.0 75, 1009.2 139.2 60.3
36 850.90 1500, 994.3 144.,3 62.5
PIPE DATA
PIPE NODES DIAM., LENGTH COEF FLOW VEL.  HEAD
NO. FROM TO IN, FT. GPM FT/SEC LOSS
11 13 3 8.0 1800.,0 100, * 274, 1.7 4.9
13 6 16 10.0 1000.0 100.* 945. 3.9 9.1
22 15 25 PRV AT 60.0 PSI OPEN
23 16 26 PRV AT 60.0 PSI OPEN
31 13 33 8.0 1000.0 100, * 50. .3 .l
32 25 35 8.0 1000.,0 100, * 627. 4.0 12.6
33 26 36 8.0 1000,0 100, * 948. 6.1 27.1
101 2 3 12,0 2000.0 100.* 722, 2.0 4.5
102 3 6 10.0 1500.0 100, * 995. 4.1 15.0
110 11 12 PUMP HEAD 125,5 FT 1108, POWER 35, HP
111 12 13 12.0 5000.0 100, * 1108, 3.1 25.1
112 13 15 8.0 1500.0 100, * 784, 5.0 28,6
114 15 16 8.0 1500.0 100, * 78. ] .4
122 33 34 PRV AT 60,0 PSI CLOSED
123 35 34 8.0 1500.0 100, * 0. .0 .0
124 35 36 8.0 1500.0 100, * 552, 3.5 14,9
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~
o Table 28-6, Output for Example 1 After Adding Check Valve
. and Changing Pipe Coefficients
N
N .
1%
N PIPE NETWORK ANALYSIS AND OPTIMIZATION
: JOB: EXAMPLE 1
¥ NODE DATA Page 1
;9 NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
K NO. FT. GPM FT. FT. PSI
4
] 2 950.0 -816, 1050.0 100.0 43.3 SUPPLY
3 910.0 1045.9 135.9 58.9
6 905.0 50. 1038.5 133.5 57.8
o 11 950.0 -998. 950.0 RESERVOIR
0 12 970.0 1080.1 110.1 46.7
') 13 920.0 1065.4 145.4 63.0
L 15 890.0 80. 1036.5 146.5 63.5
o 16 890.0 75. 1034.1 144,1 62.4
" 25 890.0 1028.5 138.5 60.0
~ 26 890.0 1028.5 138.5 60.0
™ 33 870.0 50. 1065.3 195.3 84.6
; 34 870.0 1019.6 149.6 64.8
: 35 870.0 75. 1019.6 149,6 64.8
3 36 850.0 1500, 1009.1 159.1 68.9
s PIPE DATA
; PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
"\ NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
D)
’f 11 3 13 CHECK VALVE CLOSED
K 13 6 16 10.0 1000.0  120.* 767. 3.1 bob
J 22 15 25 PRV AT 60.0 PSI ACTIVE
e 23 16 26 PRV AT 60.0 PSI ACTIVE
31 13 33 8.0 1000.0 120.* 50, .3 .1
A 32 25 35 8.0 1000.0 120.% 623. 4.0 8.9
by 33 26 36 8.0 1000.0 120.% 950. 6.1 19.4
‘o 101 2 3 12.0 2000.,0 120.% 816. 2.3 4,1
: 102 3 6 10.0 1500.0 120.* 817, 3.3 7.4 ;
110 11 12 PUMP HEAD 130.1 FT 998, POWER 33, HP
K. 111 12 13 12.0 5000,0 120.% 996. 2.8 14,7
o 112 13 15 8.0 1500.0 120.* 945. 6.0 28.8
-, 114 15 16 8.0 1500.0 120.% 249, 1.6 2.4
' 122 33 34 PRV AT 60.0 PSI CLOSED
2 123 35 34 8.0 1500.0 120.* 0. 0.0 0.0
W 124 35 36 8.0 1500.0 120.% 548, 3.5 10.5
K.
"
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¥ Table 28-7. Output for Example 1 After Changing the Outputs
.‘
*:I PIPE NETWORK ANALYSIS AND OPTIMIZATION
e
T JOB: EXAMPLE 1
" O 'y
) NODE DATA Page 1
) .-‘,'.
g NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
b NO. FT. GPM FT. FT. PSI
i’
oY
s 2 950.0 -972. 1050.0 100.0 43.3 SUPPLY
N 3 910.0 1044 .4 134.4 58.2
. 6 905.0 45. 1034.1 129.1 55.9
i 11 950.0 -1043. 950.0 RESERVOIR
o 2 970.0 1078.2 108.2 46.9
N 13 920.0 1062.2 142.2 61.6
o 15 890.0 72. 1030.3 140.3 60.8
o 16 890.0 68. 1027.9 137.9 59.7
qu 25 890.0 1028.5 138.5 60.0
%QP 26 890.0 1027.9 137.9 59.7
¢ 33 870.0 45. 1062.1 192.1 83.2
& 34 870.0 1017.8 147.8 64.1
Ry 35 870.0 1017.8 147.8 64.1
‘ 36 850.0 1800. 1001.9 151.9 65.8
Wt
St PIPE DATA
w8
£ »
2 PIPE NODES DIAM. LENGTH FLOW VEL.  HEAD
;2 NO. FROM TO IN. FT. COEF GPM  FT/SEC LOSS
4
o 11 3 13 CHECK VALVE CLOSED
e 13 6 16 10.0 1000.0 120.% 927. 3.8 6.3
N 22 15 25 PRV AT 60.0 PSI ACTIVE
s 23 16 26 PRV AT 60.0 PSI OPEN
L] 31 13 33 8.0 1000.0 120.* 45, .3 .1
ahy 32 25 35 8.0 1000.0 120.% 687. 4.4 10.6
N 33 26 36 8.0 1000.0  120.*  1112. 7.1  26.0
Loy 101 2 3 12.0 2000.0 120.% 972. 2.8 5.6
oy 102 3 6 10.0 1500.0 120.% 972. 4.0 10.2
‘ 110 11 12 PUMP HEAD 128.2 FT 1043. POWER  34. HP
. . 111 12 13 12.0 5000.0 120.% 1043. 3.0 16.0
- 112 13 15 8.0 1500.0 120.*% 998, 6.4 31.9
s 114 15 16 8.0 1500.0 120.% 247. 1.6 2.4
45 122 33 34 PRV AT 60.0 PSI CLOSED
- 123 35 34 8.0 1500.0 120.* 0. 0.0 0.0
D 124 35 36 8.0 1500.0 120.% 686. 4.4 16.0
R
o
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controlled from three menus. One menu provides for the main options of the
routine. Two more menus are used when accessing the cost data option. Note
that the cost data option can be accessed directly from the program control
menu,

28-20. Option Menu. The option menu of the optimization routine is accessed
either from the program control menu or after an option previously selected in
this menu is completed. The menu allows the user to select from optimizing
the network, entering and/or modifying the optimization parameters, printing
the optimization data, storing the data under a user-selected file name,
retrieving the optimization data from a file in which the Jata were previously
stored with the preceding option, returning to the program control menu, and
terminating the program, The option menu as displayed at the terminal is
shown below,

SELECT PROGRAM OPTION:

OPTIMIZE
ENTER/MODIFY OPT. DATA :
PRINT OPT. DATA :
STORE OPT. DATA
RETRIEVE OPT. DATA :
ENTER/MODIFY COST DATA :
PROGRAM CONTROL :
TERMINATE PROGRAM :

ENTER O OR OE PRESS RETURN

.0

WoWnPe~WN -

After the completion of options 0 through 5, control returns to this option
menu,

a, OPTIMIZE. This option starts the optimization procedure., For more
details, see paragraph 28-29,

b. ENTER/MODIFY OPT. DATA. This option allows the user to enter the
data input routine as described in paragraph 28-26. There, any of the opti-
mization parameters can be changed.

c. PRINT OPT. DATA. This option prints a list of all optimization data,
(See paragraph 28-27.)

d. STORE OPT. DATA. To store the optimization data in an internal data
file, the user must access the store routine using this option. The program
does not store the data automatically. (See paragraph 28-28.)

e. RETRIEVE OPT. DATA. This option allows the user to retrieve data
that were stored under d. above,

f. ENTER/MODIFY COST DATA. This option allows the user to enter a new
cost data file or to update a previously entered cost data file.

g. PROGRAM CONTROL. This option will transfer program control back to
the program control menu,

28-32
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h. TERMINATE PROGRAM. This option will terminate the computer run.

Section 5. Optimization of Distribution System

28-21. Intcoduction. Optimization consists of selection of the least-cost
combination of pipes subject to a set of constraints (e.g., minimum pressures,
ranges of pipe sizes) provided by the user. The intent of the optimization
routine is to use these constraints to size specific pipes in the system. The
program will enumerate all possible size combinations and select the solution
with the lowest total cost within the constraints specified (including energy
cost for pumping if desired). The procedure guarantees the global minimum
within the specified constraints. The optimization routine also allows the
user to consider the cleaning and relining of existing pipes. The optimiza-
tion can be carried out for more than one output/input pattern of flows. The
optimization routine will also determine Pareto Optimal solutions that are
close to the original solution in terms of cost and minimum pressure. A com-
bination of pipe sizes is said to be a Pareto Optimal (noninferior) solution
if there is no other solution that has better pressure at a lower cost. The
program will relax the minimum pressure constraint to allow other solutions
that result in costs within a certain percentage of the original cost. Pres-
sure is judged at the node with the lowest pressure compared with the required
pressure. The degree to which the pressure constraint is relaxed and the
allowable percentage variation in cost are values that can be specified, or

the user can rely on default values. An overview of the steps required to
optimize a network is given below.

a. Enter or retrieve network simulation data.

b. Run simulation to set up internal tables.

¢c. Enter or retrieve cost data,

d. Enter or retrieve optimization data.
(1) 1Identify pipes to be optimized by assigning them to groups.
(2) 1Identify a price function for each pipe to be sized.

(3) 1Identify allowable sizes for new pipes.

(4) 1dentify loadings to be analyzed.
(5) Identify pressure constraints.
e. Run optimization.

28-22. Definition of Terms. The following terms will be used in connection
with the optimization routine:

a. Group. A group consists of one or several pipes with the same diam-
eter, to be sized in the optimization routine. The user indicates which pipes

28-33
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are to be optimized by assigning the pipes to a group. Pipes not assigned to
a group have a fixed diameter corresponding to the diameter specified during
the simulation.

b. Price Functions. In the cost data file the user can enter different
price functions for a discrete set of pipe sizes. A price function represents
a list of pipe sizes and, for each size, an installation cost (dollars per
foot). Different price functions can be specified, so that, for example, a
12-inch pipe to be installed under a city street will cost more than a 12-inch
pipe installed in a new subdivision. This relationship can hold (if so desig-
nated) even if both 12-inch pipes are in the same group. Other examples: one
price function may refer to the cost for "average conditions," a second func-
tion for shallow pipes, a third one for deep pipes, a fourth one for typical
city conditions, etc., Each pipe to be sized is assigned to a price function.
Pipes in the same group may be assigned to different price functions.

¢, Sizes. In the context of the optimization routine, sizes (in inches)
refer to a list of discrete pipe sizes from which the program selects the
optimum size for a particular group., Each group can have a different set of
sizes. Only those pipe sizes identified for a group will be considered,

d. Minimum Pressure. Pipe sizes will be selected such that at all nodes
(excluding reservoirs and the nodes at the foot of tanks), the pressure is
equal to or larger than the minimum pressure (in pounds per square inch)
specified for the particular node.

e, Loading (or Loading Pattern). A set of flow outputs or inputs to be
applied simultaneously is defined as a loading. One loading may be the peak
flow expected during a normal day, while another mayv represent the flows
necessary to fight a fire at a specific node. The program will consider all
loading patterns (up to five) that the user specifies and will determine the
network that is capable of handling flows for all patterns., In addition to
flow outputs, different minimum pressure patterns can be specified for differ-
ent loading patterns.

f. Redundancy. Redundancy in a system refers to the fact that there is
more than one path for water to take to a particular node,

28-23., Optimization Data. The optimization routine requires the designation
of five types of optimization data.

a, Pipe Grouping. Each pipe to be sized is assigned to one and only one
group. All pipes in the same group will be assigned the same diameter during
the optimization routine, This constraint is very important in three ways.
First, for reasons of constructing a distribution system, it is not desirable
to have potentially different sizes for each leg of pipe. Such solutions are
the result of a particular loading pattern. Slight changes in the pattern
could result in different sizes. Grouping allows the user to control where
pipe size changes may occur. Second, grouping of pipes provides the user with
a powerful tool to control to some degree the optimization, that is the direc-
tion in which to look for an answer., On the other hand, careless usage of the ‘

.
’
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tool mayv result in poor solutions. Third, because of the two reasons listed
above which make grouping desirable, the methodology employed by the optimiza-
tion routine takes advantage of the grouping in order to keep computer time
within reason. A large number of groups may result in excessive computer
time.

b. Cost Information. The user mav enter cost data in the cost data
input portion of the program or use default cost data stored in the program.
The data include costs for each size for one or several price functions (see
paragraph 28-22b), The user also indicates which pipe link belongs to which
price function. Costs are represented by a discrete function. The program
does not need to interpolate points between sizes. Therefore, no continuous
price function needs to be fitted through the points, The price function does
not need to meet any particular mathematical requirements (e.g., concave,
linear, etc.). The user can build up to 12 price functions. The default data
for pipe cost are stored as price function 1, while default data for cleaning
and lining are stored as price function 2, These default prices can be over-
written by the user.

¢. Size List. The user specifies the pipe sizes to be considered for
each group. For example, pipe selection for a group may be limited to 6, 8,
10, and 12 inches, One can specify only the sizes that are included in the
discrete price function., Each group can have different sets of sizes, 1In
addition to specifying possible pipe sizes to be considered, the user can
specify that the program can consider eliminating all pipes in a group or
cleaning and lining the existing pipe(s), if there exists a parallel pipe (not
to be sized) to each pipe in the group.

d. Loading Pattern. The user specifies up to five loading patterns to
be used in the optimization. Different loading patterns can include varia-
tions in outputs at one or more ncdes; minimum pressure requirements at one or
more nodes; ard different specifications for pump operation, including
efficiency and the percentage of time it may run under certain loading
patterns. A solution is required to meet the pressure constraint for all
loading patterns.

e. Pressure Constraint. The user specifies minimum pressures to be met
or exceeded in the final solution at as many nodes as desired.

28-24, Redundancy. The importance of redundancy in the part of the system to
be sized depends on the particular system. Redundancy is important in the
sizing of an entire addition to an existing system., It may be less important,
or indeed unnecessary, in the case where the reinforcement to an existing sys-
tem is to be sized, since the existing system may already provide the neces-
sary redundancy. Redundancy can be controlled in this optimization routine in
several ways., First, it is possible in the size 1ist to limit the search for
alternatives to specific pipe diameters and not to allow the program to con-
sider cleaning or no new pipe (elimination) (i.e., not to specify O or C in
the size list), The selected size in the group will then be at least the
minimum listed. Redundancy is also controlled through the multiple loading
constraint, by assigning a fire load to various nodes. Pipes that could be
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o eliminated under one loading pattern may be essential in another one in order
i to meet the pressure constraint. Alternately, two pipes serving a node can be

3 placed in the same group, which would force both pipes to be included with
ol positive diameters,

‘, 28-25. Cost Data File.

a. General., The cost data file is a local file in which the user stores
one or more price functions to be used in the optimization routine. This

. paragraph describes how to enter data into the file and how to update the

. file. The routine can be accessed from the option menu of the optimization
b, routine (paragraph 28-20f) or directly from the program control menu (para-
‘;: graph 28-8). The option menu of the cost data routine is shown below.
,
‘e MODIFY DATA : ENTER 1 PRESS RETURN

; PRINT DATA : 2

- STORE DATA : 3
O RETRIEVE DATA : 4
X PROGRAM CONTROL 8

; TERMINATE PROGRAM 9

s b. Description of Options. The options operate analogously to the ones
; discussed in the simulation routine. A brief description of each option

i follows.

e (1) ENTER/MODIFY COST DATA. This option is accessed by taking
{\ option 1 in either one of the two menus listed above. It allows the user to
- enter or modify cost data. (See paragraph 28-25c.)

L

m {2) PRINT COST DATA. This option allows the user to view the data
;. that were entered or modified under (1) above. (See paragraph 28-25d.)

(3) STORE COST DATA. This option allows the user to store the cost

o data under a user-selected file name. (See paragraph 28-25e,)

ﬁ (4) RETRIEVE COST DATA. This option 1is accessed by taking either
- option 2 in the first menu or option 4 in the second menu, It allows

~: retrieval of data previously stored under option 3. (See paragraph 28-25f.)
t: (5) PROGRAM CONTROL. This option returns program control to the

- menu from which the cost data routine was accessed, i.e., either the program
i control menu or the menu of the optimization routine,.

; (6) TERMINATE PROGRAM. This option will terminate the computer run,
-

b' c. Data Input. The keywords used during data entry are summarized in
so Table 28-8. Data are requested with the following prompt:

5‘ C. KEYWORD IS xxxx ENTER (KEYWORD) DATA LIST

U
) 4

3

s 28-36

b

Ly

¢

", ’('*'*" S AT r“ ’ f"‘ 5 'q' 1 b "\ '
b'“u“u‘ Al “o“n“u“u“u' “h”u‘u“u‘!.h’ hJﬁ %..ﬂlﬁaﬂiﬂﬁ e e TN TR R P B Ml ;lft’é&a“a OO0




.’J

el
o7

- ;‘
555

.l‘ﬂn

L X R
oA

3
AN

Ry

-
¥
-

2

13
.

P XX X anl
P .

>,

A,

E

N

A

20

‘z v{.‘.-‘
(]

et

0

- o - F
._l’l,l}i.‘ i .’ 5

. } }"’-‘-'.f.‘. -

EM 1110-2-502
Part 1 of 2
Change 6

Table 28-8, Keywords for Cost Data File
(C. prompt)

END
ENERGY X ¢ XXX
Energv Cost $/kWh
INTEREST X.X
Interest in 7
PRICE XX
Price Fct. #
followed by prompt: FOR SIZE xx.X
response: XXX (or END)
Price $/ft
or
PRICE XY XXX XXX
Price Fct. # Size in. Price $/ft
or

PRICE XX DELETE
Price Fct. #

SIZE XXX XX X XXX e
List of Sizes in.

or

SIZE XXX DELETE
Size 1in,

YEAR XX

Number of Years

The C., indicates that the user is in the cost data routine. At xxXX appears
the current keyword. Below, the keywords are listed with the corresponding
format for the data list. The first keyword displayed is SIZE,

(1) SIZE. This keyword is used to indicate the pipe sizes for which
cost data are to be entered (i.e., the domain of the price function). The
format is shown below. Up to 25 different sizes can be specified for a given
function,

List of diameters
(in.)
SIZE 2 4 6 8

This entry would enter sizes 2, 4, 6, and 8 inches iInto the data file. If one
of the sizes specified already exists in the data file, this size is not
repeated. If the keyword displayed in the prompt is SIZE, the keyword is
optional. In order to delete a size from the data file, the format is "SIZE 6
DELETE." 1If the keyword displayed in the prompt is SIZE, the keyword is
optional. DELETE can be abbreviated to DELE. Do not specify a size of 0
(zero).
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(2) PRICE. This keyword is used to enter the cost data per linear
foot of pipe for sizes specified earlier under the keyword SIZE, There are
two formats. In the first format the user enters only the price function
number after the keyword,

Function #
PRICE 4

This will cause the program to prompt the user for entry of price data for all
sizes from 2 inches to 120 inches, The program will print

FOR PRICE FUNCTION &4 ENTER COST/FT FOR SIZES
followed for all sizes in the data file by the prompt

FOR SIZE xxx

where xxx stands for the diameter in inches. Enter the cost in dollars per
foot for this size. For instance:

FOR SIZE 8
? 19.3

The program will then request the data for the next size. Sizes will appear
in the order they were entered into the data file. Entering END will let the
user exit this loop at any time, The second format for entering cost data
enables the user to enter or change a single cost figure.

Function # Size Price

in. $/ft
PRICE 4 8 19.3

This entry assigns the cost of $19.3 per foot to size 8 inches, in price
function 4, Price function 1l contains the default function, while price
function 2 contains the default function for cleaning.

(3) ENERGY. This keyword is used to enter the energy cost in
dollars per kilowatt-hour. The format is

Energy cost

$/kWh
ENERGY 0.083

(4) ENR. This keyword is used to multiply a entire price function
by a factor., The format is:

Function # Multiplication factor
ENR 2 1.08

This entry multiplies all cost data in price function 2 by the factor 1.08 and
stores the prices in function 2.
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. (5) INTEREST. When calculating the present worth of pumping cost,
; the program requires an interest rate. This keyword is used to enter this
rate. The format is
.
w, Interest
Z
INTEREST 7.5

(6) YEAR. When calculating the present worth of pumping cost, the
program requires the number of years of operation. This keyword is used to
enter this time period in years. The format is:

Years
YEARS 25

The default number of years is 10.

(7) END. This keyword will terminate the cost data input. Program
control will return to the menu of the cost data routine.

d. PRINT COST DATA. The program will print all data that comprise the
cost data routine (that is, entered under c. above or retrieved). In partic-
ular, a table of all pipe sizes with the prices for the various price func-
tions is printed, followed by energy cost, the interest rate, and the numbers
of years used in computing the present worth of pumping cost. Program control
then returns to the menu of the cost data routine.

e. OSTORE COST DATA. When selecting option 3 in the menu, the program
will respond with the prompt "ENTER FILE NAME." The user enters the file
name. Control will return to the menu of the cost data routine,

f. RETRIEVE COST DATA. This option is accessed from either the first or
second menu of the cost data routine (option 2 or option 4, respectively).
(See paragraph 28-25a.) Program control returns to the menu of the cost data
routine.

28-26. Optimization Data Input. Input of the optimization parameters is
similar to the data input in the water distribution system analysis part of
the program. It is controlled by a set of keywords that are summarized in
Table 28-9 and described in detail below. Data are requested with the follow-
ing prompt:

0. KEYWORD IS (~xx nn) ENTER (KEYWORD) DATA LIST

The O. indicates that the prompt refers to optimization data. At xxx nn
appears the present keyword (e.g., GROUP 2). It consists of a word and a
numeric value. The format of the input is then

Keyword valuel wvalue2...valuen
or

Keyword valuel Keyword valuel...valuen
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Table 28-9. Keywerds for Optimization .
(0. prompt)
END .
GROUP XX XXX XXX XXX aee
Group # List of Link #
or
GROUP XX ALL XXX XXX
Group # First Link # Last Link #
or
GROUP XX DELETE
Group #
HWCC XXX.X
Coef. for Cleaning
LIMC X.X
% of Minimum Cost
LIMP X.X
Pressure Increment psi.
LOAD XX MINIMUM XX.X
Pattern # Min. Press. psi
or
LOAD XX MINIMUM XXX XX.X
Pattern # Node # Min, Press. psi
or
LOAD XX MINIMUM xxx XXX XX . X
Patrtern #  First Node Last Node Min. Press. psi.
or
LOAD XX OUTPUT XXX XXX . X
Pattern # Node # Qutput gpm.
or
LOAD XX PUMP XXX XX.X (xx.x%x)
Pattern # Link # Time Running 7 Efficiency 7
or
LOAD XX RATIO XXX
Pattern # Ratio
or
LOAD XX RATIO XXX XXX X.XX
Pattern # First Node # Last Node # Ratio
PRICE XX XXX XXX XXX oo
Price Fct. # List of Link #
PRICE XX ALL XXX XXX
Price Fct. # First Link # Last Link #
SIZE XX XX .X XX.X XX.X cee
Group # List of Sizes in.
or
SIZE XX DELETE

Group #
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where value 1 is part of the keyword. For example, the first format

GROUP 2 201 205 203

states that pipes 201, 203, and 205 should be added to group 2. While

GROUP 2 ALL 209 220

says that all previously defined pipes with numbers in the range 209 to 220
should be added to group 2. If data are entered without a keyword, the pre-
sent keyword (word and numeric value) as displayed in the prompt will be used.
The first numeric value after the word is considered part of the keyword. It
can be changed only if the keyword is included. In the above example, the
value 2 refers to group 2., The entry "217 219 255" would leave the keyword
and the group number unchanged. The word ALL serves as a secondarv keyword.
First and second keywords can be abbreviated with the first four letters. The
numeric values behind the keyword must be separated by blanks or by commas.
There must be a space or comma between the keyword and the numeric value after
the keyword, as well as in front of the second keyword.

a. GROUP. All pipes to be assigned to groups for sizing must already be
part of the svstem when accessing the optimization routine (i.e., at the time
option 2 1s selected in the program control menu), That is, all pipes to be
sized must have previously been entered in the simulation part of the program
(i.e., pipe number, beginning and ending node numbers, diameter, length, and
friction coefficient were assigned under the keyword PIPE or LINE). The pipe
sizes used at the time of data entry are immaterial but should be '"reasonable"
because the system must be balanced once with these diameters. The Hazen-
Williams coefficient should correspond to that of new pipes. The keyword
group is used to identify the pipes to be sized. All pipes in the same group
will be assigned the same diameter in the optimization. A group can consist
of one pipe. The keyword consists of the word GROUP followed by the group
number, The format for the kevword is given below,

Group # List of pipe numbers
GROUP 2 201 205 203

Pipes 201, 203, and 205 are added to Group 2,

GROUP 2 1is the present keyword. (GROU 2 is equivalent.) If the displaved
kevword in the prompt is GROU 2, the entry "20l 205 203" is equivalent to the
previous entry. An alternative format is

Group # Pipe # Pipe #
GROUP 3 ALL 117 128

This statement would assign all pipes with numbers in the range 117 through
128 (inclusive) to group 3. Links in this range which are pumps or PRVs are
not affected. Again, the keyword and group number are optional. If the pres-
ent keyword is GROUP 3, "ALL 117 128" is equivalent to the previous entry.
If the group number is to be changed, the total keyword (word and numeric
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value) must be included. If the present keyword is not GROUP, the keyword
must be included to assign pipes to groups. A pipe can be assigned only to
one group, If a pipe is assigned to a group more than once, the last entry
will override previous entries, Assigning group number O (zero) to a pipe
will remove the pipe from the group to which it is presently assigned. For
instance, 1if pipes 128 and 144 were previously assigned to group 3 (or any
other group), the entry "GROUP 0O 128 44" would eliminate pipes 128 and 144
from the list of pipes to be sized. An example of how pipes can be grouped is
given in Figure 28-6. Pipes 221, 231, and 241 could form group l. Pipes 222
and 233 could form group 2.

b. PRICE. This keyword is used to assign a pipe link to be sized to a
specific price function. The price functions are part of the cost data file.
An assignment of price function 3 to a pipe link means that the pipe prices of
function 3 in the cost data file will be used for this pipe in the calculation
of total cost. The keyword consists of the word PRICE followed by the price
function number. The format is the same as for the keyword GROUP,

Function # List of Pipe Numbers
PRICE 3 201 55 117

This entry would assign pipes 55, 117, and 201 to price function 3, If the
present keyword is PRICE and the present price function number is 3, the entry
201 55 117" is equivalent to the previous entry. The use of the word ALL
to assign a range of pipe numbers is again available.
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Figure 28-6, Sample system with parallel pipes

28-42

A% W IV, PP W T S A e P E" ‘J'-P,' ‘-~
B g AT O L L M K M e




* Gt
.
2
Vhe et

) "l.'l"’
' 2
s ety

AT~ N A

‘ el
P L A } .l(. £ . % f
LI 2 B D i .o, ral
e L ..‘.," R
. . " . e a

=Y

«

N

.'I. ’.' l‘. '.- .‘. ' .

B8, 0 T,

20

~

. =
DR AL
A

P RER

[ .
'f" "‘

[
LAl

Jx‘ﬁl.‘l.‘).‘c

A

4
r Y

a £
PERPURIN S

- -
2 'y

R
T

-
A v

[ 3

. .fﬁ‘l\},.
LR Tt}

00
» l'l._'

aas

Ao
" .
e

P

A

i
«

EM 1110-2-502
Part 1 of 2
Change 6

Function # Pipe # Pipe #
PRICE 2 ALL 28 44

This entry assigns all pipes with numbers in the range 28 through 44 to price
function 2, If the kevword in the prompt is PRICE 2, the first two items are
optional. If the price function number needs to be changed, the entry must
include the total keyword (word and numeric value). Not all pipes in the same
group need to belong to the same price function., Assigning one pipe in a
group to a particular price function does not affect any other pipe in the
group. If a pipe is assigned more than once to a price function, the last
entry will override previous entries. A pipe can be assigned to only one
price function, Pipes not assigned to a price function but assigned to a
group will default to price function l. Assigning function number 0 (zero) to
a pipe will remove the pipe from any function. For instance, "PRICE O 114"
would elimirate the assigned price function from pipe 114, If no other
assignment is made for pipe 114 and this pipe is included in a group, it would
default to function 1. If cleaning is an option to adding a new pipe, the
clearing cost of the old pipe will default to price function 2, Price func-
tion 2 is the only price function used for cleaning. To indicate that an
existing pipe is to be considered for cleaning, the user must enter a parallel
new pipe for which one of the possible sizes is C, (See following paragraph.)

c. SIZES, This kevword is used to designate the sizes to bte considered
during the optimization tor a particular group. The keyword consists of the
word SIZE followed by a group number. The format is given below.

Greup # List of Sizes
SIZES 6 10 12 14 16

This entrv assigns to group 6 the sizes 10, 12, 14, and 16 inches, If the
keyword in the prompt is SIZE 6, "10 12 14 16" is equivalent to the previous
entrv, The sizes listed must be a subset of the sizes included in the cost
data file. Entering a 0 (zero) as a possible size will permit elimination of
2ll pipes in the group as an alternative. Enter a C (for cleaning) if clean-
irg and lining of the parallel old pipe(s) instead of adding new parallel
pipes i1s to be considered as an alternative, In the case of cleaning as an
option, all pipes in the group must have pipes with different pipe numbers but
the same beginning and ending nodes which are to be considered for cleaning
and are not to be sized. In Figure 28-6, two groups are shown. Group l con-
sists of pipes 221, 231, and 241. Existing pipes 21, 31, and 141 are parallel
to the three previously listed pipes, respectively, Cleaning and lining of
pipes 21, 31, and 141 is permissible. Therefore, listing of C as a size
option of group 1 1is possible, Group 2 consists of pipes 222 and 233. There
is no pipe parallel to 222 (i.,e.,, no pipe has same beginning and ending
nodes), For this group, cleaning cannot be specified. An example of size
assignments to group 1, which would permit elimination of the group as well as
cleaning the existing pipes with the same beginning and ending nodes, would be
"SIZES'1 0 C 6 8 10.," Within the size range specified, one does not need
to list all sizes included in the data {ile. For instance, "6 10 14" is a
legitimate response, even though the cost data file mayv include 8- and 12-inch
pipe sizes as well., Rather than specifying all five sizes from 6 to 14 inches
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' (6, 8, 10, 12, and 14), the user can specify sizes 6, 10, and 14 in a first
run. If the program selects the 12-inch size, the user then could rerun the
{ program for sizes 10, 12, and 14. Since computer time is roughly proportional
to the product of the number of sizes in all groups, this procedure may dra-
matically reduce computer time. However, the procedure may not be equivalent
to listing all five sizes in the first run. If the group number needs to be
, changed, the keyword (word and group number) must be included. If one enters
WA sizes for the same group twice, with (partially) different sets of sizes, the
program will use the union of the two (or more) sets. To clear a group from
- all assigned sizes, enter the word DELETE after the group number. For exam-
o ple, "SIZES 3 DELETE" would clear group 3 of all previously assigned sizes.

(%

d. LOAD. The first loading pattern used in the optimization routine is

i‘ the one entered in the simulation routine of the program. This keyword is
LI used to assign additional loading patterns. Any assignments made with this
ey keyword start out from the first loading pattern. The keyword consists of the
- word LOAD followed by the pattern number and then a second keyword. One for-
n mat is

e

5 Pattern # Node # Output

'. (gpm)

- LOAD 3 OUTPUT 38 1200

“~
.-~ This entry assigns in loading pattern number 3 an output of 1,200 gallons per
S minute to node 38 regardless of the previous load at this node. OUTPUT is the
(”' second keyword in this entry. Input format after the second keyword OUTPUT

follows the same format as described in paragraph 28-13e. The last numeric
T value can be negative (input). Another alternative to this format is

(]
'y
o
L, e,

.
¥

Pattern # Ratio
LOAD 2 RATIO 1.5

3

’
LA

If the second keyword is RATIO, the format follows the same format as

2O

S described in paragraph 28-13p. The above assignment would multiply the output
- at all nodes by a factor of 1.5. The format

:& Pattern Node # Node # Ratio

~;- LOAD 2 RATIO 25 53 1.25

e is also available as described in paragraph 28-13p. It would multiply the

-~ output at all nodes with numbers in the range 25 through 53 by a factor of

¥ 1.25 for loading pattern 2. Any nodes not included in the assignment for a 1
[ loading pattern will have the same output or input as in loading pattern 1.

~ It is important to remember that when a loading pattern is entered, the pro- )
.?; gram will first set all inputs and outputs to the same value as in pattern 1.

N Any subsequent changes are to the present loading pattern. For instance, sub-
| :: sequent entries for the same loading pattern of RATIO 1.2 and RATIO 1.5 would
:'\' result in outputs 1.8 times larger than the values in pattern 1. Entering
o o RATIO 1.2 for loading pattern 2 and RATIO 1.5 for locading pattern 3 would

[ 3

~
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yield a flow of 1.2 times the load of pattern ! for pattern 2 and 1.5 times
flow in pattern 1 for pattern 3.

e, PUMP. This keyword allows the user to tell the program which pumps
should be included in determining energy cost. PUMP is a second keyword used
in connection with LLOAD, Also entered under this keyword is the percentage of
time during which the pump operates and the expected wire-to-water efficiency
of the pump. The format for this keyword is shown below.

Pattern # Link # Percent Time Efficiency
Running (%)
LOAD 2 PUMP 109 60 78

This entrv causes the pump with link rumber 109 to be included in the energy
cost computation, It is assumed the pump runs 60 percent of the time under
load pattern 2 and its wire-to-water efficiency is 78 percent., Pumps not
listed under this keyword are assumed to operate according to the characteris-
tic pump curve entered in the simulation part of the program, but their energy
costs are not considered in the optimization. Pumps listed under this keyword
are assumed to operate with the characteristic curve specified in the simula-
tion part of the program unless continuity dictates the flow rate of the pump
(no reservoir or tank on the downstream side of the pump). In this case, the
characteristic curve is ignored, and the head is selected such that the mini-
mum pressure requirement downstream of the pump is exactly met,

f. MINIMUM, This is a second keyword used in connection with LOAD. 1t
is used to assign the minimum pressure that is to be maintained at nodes. The
format is shown below.

Min, Pressure

(psi)
LOAD 2 MINIMUM 35

This entrv assigns a minimum pressure of 35 pounds per square inch to all
nodes except ccnstant head nodes for loading pattern 2., An alternative format
is

Node # Min., Pressure

(psi)
LOAD 2 MINIMUM 16 40

This entry assigns a minimum pressure of 40 pounds per square inch to node 16
in loading pattern 3., The third format is

Node ¥ Node # Min. Pressure
(psi)
LOAD 1 MINIMUM 28 76 32

This entry assigns a minimum pressure of 32 pounds per square inch to all
nodes with numbers in the range 28 through 76 (inclusive) for loading
pattern I, If a minimum pressure is assigned to a constant head node, the
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assignment Is ignored. If a node is assigned more than one minimum pressure,
only the last entry is retained. Nodes that are not assigned a minimum
pressure are not checked.

g. LIMC, This keyword lets the user specify a percentage of the (pres-
ent) minimum cost. If, during the optimization procedure, a solution is
encountered which is within this percentage difference from the cost of the
current least-cost solution, this solution will be kept in a solution queue of
Pareto Optimal solutions, even though it is more expensive than the current
best solution, as long as this solution provides a higher pressure than the
required minimum, The format is shown below.

7% of Minimum Cost
LIMC 5

This entry would keep any solution in the queue of Pareto Optimal solutions
which is not more expensive than 105 percent of the best solution found to
this point. The default value is 3 percent.

e

L4
.,:.) ',:1.4‘5 *

.

h. LIMP. This keyword lets the user specify a pressure differential in
pounds per square inch. 1If, during the optimization procedure, a solution is
encountered which fails the pressure requirement by less than the specified
differential, this solution will be kept in the solution queue of Pareto Opti-
mal solutions as long as the solution offers lower cost. The format is shown

below,
Pressure Differential
(psi)
LIMP 3

This entry would keep any solution on file which fails the pressure require-
ment by less than 3 pounds per square inch, The default value is 3 pounds per
square inch.

i. HWCC. This keyword lets the user specify the Hazen-Williams coeffi-
cient for pipes that are to be cleaned and lined, if applicable. All pipes in
the system to be cleaned will have the same coefficient, The format is shown
below,

Coefficient
HWCC 110

This entry assigns an after-cleaning Hazen-Williams coefficient of 110 to all
pipes to be cleaned. The default value is 120,

jo END. This keyword will terminate the data entry routine. Program
control returns to the main option menu of the optimization routine.

28=27. Printing of Optimization Data. All optimization data as entered (or
retrieved) under paragraph 28-26 are printed when the user selects option 2 in
the optimization menu. Thils output consists of a table that lists the group i
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number and pipes assigned to the group, the sizes assigned to each group, the
loading patterns with the assigned outputs and minimum pressures, the loading
patterns with the pump numbers and the percentage of time running under each
pattern, and the parameters for the Pareto Optimal solution queue. Control
returns to the option menu of the optimization routine.

- 28-28, Storage and Retrieval of Optimization Data. The optimization param-
eters (entered and printed as described in paragraphs 28-26 and 28-27) can be
stored under a user-selected file name. When selecting option 3 in the opti-
mization menu, the program will respond with the prompt "ENTER FILE NAME."

The user enters any file name that conforms with the file name requirements of
the computer system. Data stored under this option can be retrieved through
option 4 in the menu of the optimization routine.

28-29. Optimization. To perform the optimization the user selects option 0
(zero) or OE in the menu of the optimization routine. A selection of O dis-
plays group numbers, diameters, cost, and pressures. Option O is based on a
percent completeness of the job, A selection of OE will display combination
number, cost, minimum pressure, reason for failure, and pipe diameters for
each combination, Selecting OE is recommended only for systems with few
groups and sizes since every combination is printed. The program will deter-
mine the least expensive combination of pipe sizes which meets the minimum
pressure requirement for each loading pattern, At the same time the program
will generate alternate solutions that are Pareto Optimal (or noninferior).

It includes solutions that are not more than X percent more expensive than the
minimum-cost solution on file at the time the Pareto Optimal solution is
encountered. The value of X is specified under the keyword LIMC. Other solu-
tions included are those that have minimum pressures less than specified but
within Y pounds per square inch of the permissible minimum, The value of Y is
specified under the keyword LIMP., The output will list the optimal solution
as well as the queue of Pareto Optimal solutions. Generation of the solution
queue will require extra computer time. The program can avoid the generation
of the queue (i.e., only select a single optimal solution) by assigning values
of 0 (zero) to both X and Y. Pipe diameters of the optimal solution and the
outputs of the pattern that generates the lowest pressure are assigned. Pro-
gram control returns to the menu of the optimization routine, It is then
possible to return to program control and simulation in order to balance the
optimal system and to view the output,

' 28-30. Example 2. The network for this example is shown in Figure 28-7. The

.ﬁ‘ purpose of the example 1s to illustrate cost data entry and the entry of the
‘gi. optimization parameters.

)

“ a, System Data Input., First the user must enter information using the
‘ ¢h simulation routine. The 1input of the system data in the simulation routire is

shown., Lines without a question mark are the prompts printed by the program,
The user's input appears after the question marks.
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Boo
Ko
e PROGRAM CONTROL :
Ko SIMULATION : ENTER 1 PRESS RETURN
! OPTIMIZATION : 2
o COST DATA 3
0 TIME SIMULATION 4
N TERMINATE PROGRAM 9
*:"
B 71
N
S SIMULATION ROUTINE
Lo
'Ej SELECT PROGRAM OPTION :
Pd
L TO ENTER NEW JOB : ENTER 1 PRESS RETURN
i TO RETRIEVE DATA  :
J‘:.'d 71
ffij S. KEYWORD IS JOB ENTER (KEYWORD) DATA LIST
o ? EXAMPLE 2
S S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
® 2 11 11 21 14 15840 75
BN S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
s 2 21 21 31 10 5280 80
L S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
20 ? 22 22 32 8 5280
o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
{ . ? 23 23 33 8 5280
Y S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
e ? 31 31 41 10 5280 80
e S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
T ? 41 41 51 10 21120 80
94N S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
D 2 121 21 22 10 5280 80
N S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 122 22 23 10 5280 80
N S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
2 7 132 32 33 4 5280
P S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
°® ? NODE
BV FOR NODE 11 ENTER ELEVATION OUTPUT
s ? 1200
2 FOR NODE 21 ENTER ELEVATION OUTPUT
s ? 1050 160
Yoty FOR NODE 22 ENTER ELEVATION OUTPUT
B ? 980 240
Yo FOR NODE 23 ENTER ELEVATION OUTPUT
e 7 950 160
zﬁﬂ FOR NODE 31 ENTER ELEVATION OUTPUT
“ ? 1070 160
N FOR NODE 32 ENTER ELEVATION OUTPUT
8.4 7 970 240
:..":
.
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3;6 FOR NODE 33 ENTER ELEVATION OUTPUT
. ? 950 240
: FOR NODE 41 ENTER ELEVATION OUTPUT
b2 ? 1090 ]
SN FOR NODE 51 ENTER ELEVATION OUTPUT
N 7 1120
N S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
‘ 2110
. S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
T ? 51 100
o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
\ ? END
34:
f“ After the menu appears, select option 2, PRINT INPUT. The node and link table
‘N for the input data is shown as Table 28-10. After the data are printed, the
gj user takes option 1, MODIFY SYSTEM, in order to expand the system as shown in
‘:ﬁ Figure 28-7., The dashed lines indicate the existing part of the system; the
.}: solid lines, the expansion to be sized. The output on the existing system is
= to be increased by 25 percent. The outputs on the expansion are shown in Fig-
ure 28-7. Note that line 241 is necessary even if the only options for this
,‘L line are elimination or cleaning/lining of line 4l. Entry of the data for
$Q system expansion and modification is now continued.
o
j; S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
v ? RATIO 1.25
(' S. KEYWORD IS RATIO ENTER (KEYWORD) DATA LIST
e ? PIPE 32 32 42 12 5280 120
‘-::' S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
:f: ? 33 33 43 12 5280 120
o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
{:‘ ? 43 43 53 12 5280 120
:) S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
~ 7 141 41 42 12 5280 120
:-’ S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
- 2 142 42 43 12 5280 120
:ﬂ S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
l‘; 7 211 11 21 12 15840 120
.“ S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
Ny ? 241 41 51 12 21120 120
o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
j} ? 321 21 22 12 5280 120
o S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST 1
b ? NODE
& FOR NODE 42 ENTER ELEVATION OUTPUT
e ? 960 300 i
~ FOR NODE 43 ENTER ELEVATION OUTPUT
2 7 960 300
K FOR NODE 53 ENTER ELEVATION OUTPUT
o ? 950 200
;: S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
. ? END 1
)
.'-
~-
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Table 28-10. First Input for Example 2
PIPE NETWORK ANALYSIS AND OPTIMIZATION
JOB: EXAMPLE 2
NODE ELEV, OUTPUT
NO. FT. GPM
11 1200.0 RESERVOIR
21 1050.0 160.
22 980.,0 240,
23 950.0 160,
31 1070.0 160,
32 970.0 240,
33 950.0 240,
41 1090.0 0.
51 1120.0 WATER LEVEL: 100.0
PIPE CONNECTIONS
PIPE B E DIAM, LENGTH COEF
NO. NODE NODE IN. FT.
11 11 21 14.0 15840.0 75.
21 21 31 10.0 5280,.0 80,
22 22 32 8.0 5280.0 100.*
23 23 33 8.0 5280.,0 100, *
31 31 41 10.0 5280.0 80,
41 41 51 10.0 21120,0 80.
121 21 22 10.0 5280.0 80.
122 22 23 10.0 5280.,0 80.
132 32 33 4,0 5280.0 100,.%*

In Table 28-11 the input data of the system to be optimized are shown. The
optimization routine can be executed only if the system was balanced. So,
after printing the input data, option O (zero) (BALANCING) is selected. The
output is shown in Table 28-12. Note that a diameter of 12 inches was used
for all pipes to be sized., This value has no effect on the optimization rou-
tine and the final answer., Any value could have been used., Yet, to better
evaluate the performance of the system, it is suggested that 'reasonable"
diameters be used., To terminate the simulation routine, the user takes
option 8 in the menu of the simulation routine,

b, Cost Data Input., The user is likely to have the cost data perma-
nently stored in a cost data file under a user-selected name, When this file
is to be used, the user must transfer the permanent file to local work space
before running the program. From the program control menu:
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k}.‘ Table 28-11. Input for Example 2 After Expansion

L

g "l

o PIPE NETWORK ANALYSIS AND OPTIMIZATION

N JOB: EXAMPLE 2 -
\ NODE ELEV. OUTPUT

o NO. FT. GPM

o 11 1200.0 RESERVOIR

L 21 1050.0 200.

2% 22 980.0 300,

r 23 950.0 200.

N 31 1070.0 200.

&N 32 970.0 300.

Moor 33 950.0 300.

41 1090.0 0.

o 42 960.0 300.

° 43 960.0 300.

- 51 1120.0 WATER LEVEL: 100.0

4 53 950.0 200.

- PIPE CONNECTIONS

. <
{ PIPE B E DIAM. LENGTH COEF
_: NO. NODE NODE IN. FT.

. 4
iy 11 11 21 14.0 15840.0 75.
o 21 2 31 10.0 5280.0 80.
A 22 22 32 8.0 5280.0 100.*

23 23 33 8.0 5280.0 100.*
R 31 31 41 10.0 5280.0 80.
o 32 32 42 12.0 5280.0 120.
2 33 33 43 12.0 5280.0 120.
» 41 41 51 10.0 21120.0 80.
ﬁQ 43 43 53 12.0 5280.0 120.

® 121 21 22 10.0 5280.0 80.
v 122 22 23 10.0 5280.0 80.
= 132 32 33 4.0 5280.0 100.*
e 141 41 42 12.0 5280.0 120.
" 142 42 43 12.0 5280.0 120.

~ 211 11 21 12.0 15840.0 120.

241 41 51 12.0 21120.0 120.
2 321 21 22 12.0 5280.0 120.

L
A
,"

™
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} Table 28-12. Example 2 After First Output
\
;"'
';q ) PIPE NETWORK ANALYSIS AND OPTIMIZATION
N JOB: EXAMPLE 2
4&
v NODE DATA Page 1
N NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
N NO. FT. GPM FT. FT. PSI
s
AR, 11 1200.0 -1195. 1200.0 RESERVOIR
4 21 1050.0 200. 1180.8 130.8 56.7
N 22 980.0 300. 1174.3 194.3 84.2
N 23 950.0 200, 1162.5 212.5 92.1
- 31 1070.0 200. 1179.4 109.4 47.4
N 32 970.0 300. 1164.0 194.0 84.0
X 33 950.0 300. 1157.5 207.5 89.9
Y 41 1090.0 1180.3 90.3 39.1
b 42 960.0 300. 1164.2 204,2 88.5
& 43 960.0 300. 1157.8 197.8 85.7
" 51 1120.0 -1105. 1220.0 100.0 43.3 SUPPLY
" 53 950.0 200. 1157.0 207.0 89.7
A,
(
- PIPE DATA
G PIPE NODES DIAM, LENGTH FLOW VEL.  HEAD
- NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
g 11 11 21 14.0 15840.0 75 578. 1.2 19.2
K™ 21 21 31 10.0 5280.0 80 112. .5 1.4
J 22 22 32 8.0 5280.0 100.* 229, 1.5 10.3
N 23 23 33 8.0 5280.0 100.* 154, 1.0 5.0
:j 31 41 31 10.0 5280.0 80. 88. b .9
o 32 42 32 12.0 5280.0 120. 100. 3 .2
o 33 43 33 12.0 5280.0 120. 116. .3 .3
7S 41 51 41 10.0 21120.0 80. 323, 1.3 39.7
= 43 43 53 12.0 5280.0 120. 200. .6 .8
A 121 21 22 10.0 5280.0 80. 258, 1.1 6.6
< 122 22 23 10.0 5280.0 80. 354, 1.4 11.8
oy 132 32 33 4.0 5280.0 100.* 29. .7 6.5
141 41 42 12.0 5280.0 120. 1016. 2.9 16.1
o 142 42 43 12.0 5280.0 120. 617. 1.7 6.4
b 211 11 21 12.0 15840.0 120, 617. 1.7 19.2
" 241 51 41 12.0 21120.0 120. 782. 2.2 39.7
oo 321 21 22 12.0 5280.0 120. 625. 1.8 6.6
) ‘:
Lo 28-53
A,
®
\ \:
. ]

.l ‘#‘f "\.’
" v'c“l"". hﬁsﬁ\.\&i



EM 1110-2-502
Part 1 of 2
Change 6

PROGRAM CONTROL :
SIMULATION : ENTER PRESS RETURN
OPTIMIZATION :
COST DATA :
TERMINATE PROGRAM :

£ 0N =

the user now selects option 3, The next menu is:
SELECT PROGRAM OPTION:

MODIFY DATA : ENTER 1 PRESS RETURN
PRINT DATA 2
STORE DATA : 3
RETRIEVE DATA : 4
PROGRAM CONTROL 8
9

TERMINATE PROGRAM:

In this example option 1 is selected to show how cost data are entered. The
data to be entered are sufficient only to run this example. The item-by-item
input is shown below. Lines without a question mark are the prompts printed
bv the program. The user's responses appear after the question marks.

C. KEYWORD IS SIZE ENTER (KEYWORD) DATA LIST
? PRICE 1 6 15.1

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 8 19.3

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
7 10 28.9

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 12 40.5

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 14 52,1

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 16 59.4

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
7?26 14,5

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 8 15,7

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 10 16,8

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
212 17.7

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 14 18.5

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? 16 19,2

C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
? ENERGY 0.075

C. KEYWORD IS ENER ENTER (KEYWORD) DATA LIST
? YEAR 10
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C. KEYWORD IS YEAR ENTER (KEYWORD) DATA LIST
? INTEREST 10

C. KEYWORD IS INTE ENTER (KEYWORD) DATA LIST
s ? END

In the above routine, price function 1l was entered, which is the default cost
function for new pipes, and function 2 was entered, which is the default cost
function for cleaning/lining existing pipes. After the menu appears, select
option 2, PRINT DATA. The cost data table as printed appears in Table 28-13.
The last three data items are used only when calculating the present worth of
pumping cost. Since thils system does not include pumps, these items are not
required in order to run the optimization. To terminate the cost data routine
the user takes option 8 in the menu of the cost data routine.

c. Optimization Parameters. At this point the balanced system data and
cost data are entered. From the program control menu the user now takes
option 2, OPTIMIZATION. The program responds with the menu of the optimiza-
tion routine. Selection of the optimization parameters in this example is
based on the following considerations. The new demands require reinforcement
of either line 1l or 41. Considering the low Hazen-Williams coefficients of
these lines, cleaning and lining should be considered as an alternative to
adding new parallel pipes. Because of the distance from node 1l to the new
area, line 321 is also added as part of the reinforcement in this part of the
system. Lines 211 and 321 form group l. Line 241 forms group 2. Lines 14l
an¢ 142 are to have the same diameter and form group 3. Lines 32 and 33 are
put into group 4, while line 43 forms group 5. All new lines are assigned to
price function 1 (default for new pipes), and pipes 11 and 4l are assigned to
price function 2 (default for cleaning). To illustrate the assigning to price
function, the assignment will be done explicitly, even though it would not be
necessary, since the pipes would automatically default to these functions.
The Hazen-Williams coefficient for the cleaned pipes is entered as 120 (again
in case of no assignment, the program would default to this value). Input of
data is shown below, starting at the point after option ! was selected in the
menu of the optimization routine.

0. KEYWORD IS (GROU 1) ENTER (KEYWORD) DATA LIST
7 211 321

0. KEYWORD IS (GROU 2) ENTER (KEYWORD) DATA LIST
? GROUP 2 241

0. KEYWORD IS (GROU 3) ENTER (KEYWORD) DATA LIST
? GROUP 3 141 142

0. KEYWORD IS (GROU 4) ENTER (KEYWORD) DATA LIST
? GROUP 4 32 33

0. KEYWORD IS (GROU 5) ENTER (KEYWORD) DATA LIST
? GROUP 5 43

0. KEYWORD IS (GROU 6) ENTER (KEYWORD) DATA LIST
? SIZE1 O C 12 14 16

0. KEYWORD 1S (SIZE 2) ENTER (KEYWORD) DATA LIST
? SIZE 2 0 C 12 14 16

0. KEYWORD IS (SIZE 3) ENTER (KEYWORD) DATA LIST
? SIZE 3 8 10 12
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e 0. KEYWORD IS (SIZE 4) ENTER (KEYWORD) DATA LIST
"' ? SIZE 4 6 8 10
r 0. KEYWORD IS (SIZE 5) ENTER (KEYWORD) DATA LIST
gt ? SIZE 5 6 8 10 12
oy 0. KEYWORD IS (SIZE 6) ENTER (KEYWORD) DATA LIST
oo ? PRICE 1 32 33 43 141 142 211 241 321
x4y 0. KEYWORD IS (PRIC 1) ENTER (KEYWORD) DATA LIST
e ? PRICE 2 11 41
D 0. KEYWORD IS (PRIC 2) ENTER (KEYWORD) DATA LIST
g ? HWCC 120
& 0. KEYWORD IS (HWCC) ENTER (KEYWORD) DATA LIST
¥ ?
R
Al Table 28-13. Cost Data
Lo
o PRICE FUNCTIONS
E O SIZE 1 2
L5 2.0 6.3 30.0
Py 3.0 8.6  30.0
797 4.0 10.8  30.0
3 6.0 15.1  14.5
o 8.0 19.3  15.7
e 10.0 28.9 16.8
o 12,0 40.5 17,7
( 14.0 52.1 18.5
NG 16.0 59.4  19.2
0 18.0 68.6  20.0
o 20.0 80.1  20.5
S 24.0 106.0  21.6
L 30.0 147.0 23,1
%j 36.0 192,0  24.3
: 42,0 242,0  25.4
b 48.0 295.0  26.4
Mo 54.0 331.0 0.0
- 60.0 396,0 0.0
o 66.0 477.0 0.0
® 72.0 554.0 0.0
e 78.0 642,0 0.0
o~ 84.0 734.0 0.0
v 96.0 941.0 0.0
T 108.0 1170.0 0.0
ey 120.0 1420.0 0.0
o ENERGY COST  0.075 $/KWH '
:k. TIME PERIOD 10 YEARS
(2 INTEREST 10.0%
B
o
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‘A As indicated above, the last three entries are not necessary. The program
2 would default to these values. The loading patterns will be specified next,
'_ Under the loads entered in the simulation routine the required pressure is
e 50 pounds per square inch at all nodes, except nodes 21, 31, and 4! where
i:f pressures of 40, 25, and 25 pounds per square inch, respectively, are accept-
RNy able., In a second loading pattern a fire load of 1,000 gallons per minute is
}:: to be added at node 32 for a total output of 1,300 gallons per minute., A min-
' imum pressure of 20 pounds per square inch is to be maintained throughout the
.}&. system except at the location of the fire load, where 15 pounds per square
;{\= inch is acceptable. In the third loading pattern a fire load of 600 gallons
o per minute is added at node 53 for a total output of 800 gallons per minute.
‘i{~ Again, pressures should be larger than 20 pounds per square inch, except at
-~ node 53 where 15 pounds per square inch is acceptable. Data entry is now
' continued.
LY
O LOAD 1 MINI 50
:{{ O. KEYWORD IS (LOAD 1) ENTER (KEYWORD) DATA LIST
e 7 MINI 21 40
;ﬁ: 0. KEYWORD IS (LOAD 1) ENTER (KEYWORD) DATA LIST
. 7 MINI 31 25
‘!,, 0. KEYWORD IS (LOAD 1) ENTER (KEYWORD) DATA LIST
- ? MINI 41 25
i{ O. KEYWORD IS (LOAD 1) ENTER (KEYWORD) DATA LIST
- 7 LOAD 2 OUTPUT 32 1300
e O. KEYWORD IS (LOAD 2) ENTER (KEYWORD) DATA LIST
e ? MINI 20
&_ O. KEYWORD IS (LOAD 2) ENTER (KEYWORD) DATA LIST
e ? MINT 32 15
L 0. KEYWORD IS (LOAD 2) ENTER (KEYWORD) DATA LIST
D ? LOAD 3 OUTPUT 53 800
W 0. KEYWORD IS (LOAD 3) ENTER (KEYWORD) DATA LIST

X

7 MINI 20
O. KEYWORD IS (LOAD 3) ENTER (KEYWORD) DATA LIST

)

o ? MINI 53 15

:{ 0. KEYWORD IS (LOAD 3) ENTER (KEYWORD) DATA LIST

e ? END

v"\.. . A

o

™ The program returns to the option menu. When taking option 2, PRINT OPT,

.!? DATA, the program prints all the data as entered (or the default values if
o data were not entered). This output is reproduced in Table 28-14, The opti-
i?;' mization data as entered in this paragraph can be stored with option 3., Then,
{{i at a later time, the data could be retrieved under option 4 for editing to be
2T used in another optimization run. Data stored here are limited to the optimi-
-".”‘ zation parameters only as printed under option 2. The svstem data and cost
. data are not part of the data stored here.
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Table 28-14, Optimization Parameters

OPTIMIZATION PARAMETERS
GROUP ASSIGNMENTS

PIPES IN GROUP 1
211 321

PIPES IN GROUP
241

PIPES IN GROUP 3 :
141 142

PIPES IN GROUP 4
32 33

PIPES IN GROUP 5
43

PRICE FUNCTION ASSIGNMENTS

PIPES IN PRICE FCT. 1
32 33 43 141 142 211 24]1 321

SIZE ASSIGNMENTS

GROUP # SIZES ASSIGNED:

1 E 12.0 14.0 16.0 C
E 12.0 14.0 16.0

8.0 10.0 12.0

6.0 8.0 10.0

6.0 8.0 10.0 12.0

LOADING PATTERNS

LOADS IN GPM AND MIN., PRESSURE IN PSI
PATTERN # 1 * 2 * 3 *
NODE i * GPM PSI* GPM PSI* GPM PSI*

o

W & Wt

21 * 200. 40.0* 200. 20.0* 200. 20.0%*
22 * 300. 50.0* 300. 20.0* 300. 20.0%
23 * 200. 50.0* 200. 20.0% 200, 20.0%*
31 % 200. 25.0* 200. 20.0* 200. 20.0%
32 % 300. 50.0* 1300. 15.0* 300. 20.0%
33 * 300. 50.0%* 300. 20.0% 300. 20.0%
41 * 0. 25.0% 0. 20.0% 0. 20.0*
42 % 300. 50.0% 300. 20,0 300. 20.0%*
43 % 300, 50.0%* 300. 20.0* 300. 20.0*
53 % 200. 50.0* 200. 20.0* 800. 15.0%

COEF. FOR CLEANING 120.0
PRESSURE TOLERANCE -3, PSI
COST TOLERANCE +3. 7
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“{ d. Executing the Optimization Routine, The user now can take option O,
; ’ OPTIMIZE. The program will respond with printing the following information:
o IN GROUP 5: SIZE 6.0 ELIMINATED
A - IN GROUP 2: SIZE 0,0 ELIMINATED
@ IN GROUP 2: CLEANING ELIMINATED
-
GROUP 1, # OF SIZES: 5
! GROUP 2, # OF SIZES: 3
% GROUP 3, +# OF SIZES: 3
. GROUP 4, # OF SIZES: 3
= GROUP 5, # OF SIZES: 3
jd- 405 COMBINATIONS WILL BE TESTED,
A
o JOB IS 10. 7 COMPLETE
9 BEST SOLUTION:
N GROUP 1 2 3 4 5
0 DIAM, E 14.0 12,0 10.0 12.0
. AT COST OF 2047056.
e MIN. PRESSURE 1.6
b JOB 1S 20. % COMPLETE
N BEST SOLUTION:
', GROUP 1 2 3 4 5
b . DIAM, E 14,0 12,0 8.0 12.0
b AT COST OF 1945680,
> MIN. PRESSURE 2.1
> JOB IS 30. Z COMPLETE
o BEST SOLUTION:
GROUP 1 2 3 4 5
e DIAM, E 14.0 12,0 8.0 12.0
b AT COST OF 1945680,
vl MIN, PRESSURE 2.1
*
. JOB 1S 40. 7 COMPLETE
: BEST SOLUTION:
e GROUP 1 2 3 4 5
> DIAM. E 14.0 12.0 8,0 12.0
o AT COST OF 1945680,
- MIN. PRESSURE 2.1
4,
. JOB 1S 50. 7 COMPLETE
g BEST SOLUTION:
g GROUP 1 2 3 4 5
o DIAM, E 14,0 12,0 8.0 10.0
. AT COST OF 1884432,
~ MIN. PRESSURE 2.1
N
"
v
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JOB IS 60. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. E 14.0 12.0 8.0 10.0
AT COST OF 1884432,

MIN, PRESSURE 2.1

JOB IS 70. T COMPLETE
BEST SOLUTION:

GROUP L 2 3 4 5
DIAM. E 14.0 12.0 8.0 10.0
AT COST OF 1884432,

MIN, PRESSURE 2.1

JOB IS 80. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. E 14.0 12.0 8.0 8.0
AT COST OF 1833744,

MIN. PRESSURE 2.1

JOB IS 90. 7 COMPLETE
BEST SOLUTION:

GROLUP 1 2 3 4 5
DIAM. E 14.0 12.0 8.0 8.0
AT COST OF 1833744,

MIN. PRESSURE 2.1

OPTIMUM SOLUTION:

GROUP 1 2 3 4 5
DIAM. E 14.0 12.0 8.0 8.0
AT COST OF 1833744,

MIN. PRESSURE 2.1

IN PATTERN 2

ALTERNATIVE SOLUTIONS:

DIAM. E 14.0 12.0 8.0 10.0
MIN.PR. 2.1 IN PATTERN 2 COST 1884432,

The program first lists the sizes eliminated. With these sizes the pressure
requirement cannot be met, even if all other sizes are kept at their maxima
assigned. Then, a list of all groups with the number of sizes to be tested in
the group is printed. Then, the total number of combinations to be considered
is given. The program will not necessarily compute the flow and pressure dis-
tribution for all these combinations. Some combinations are eliminated
hecause of their cost. Other ones can be eliminated because the pipe sizes
are too small, as judged by earlier combinations which failed the pressure
requirement. As the program eliminates combinations, it lists the percent
completeness of the optimizing process and the best combination (so far) of
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pipe sizes. The program then lists the pipe sizes by group for the optimum
solution, its cost, and the smallest pressure increment by which the allowable
minimum pressure is exceeded at any node to be tested for pressure. The
alternate solution is Pareto Optimal, i.e., it offers better pressure at
increased cost. The program returns to the menu of the optimization routine.
The user can now take option 8, PROGRAM CONTROL, followed by option 1, SIMULA-
TION, in the program control menu. The user can balance the system once more.
Note that the program automatically assigns the optimal diameters and the most

critical loading pattern. The resulting simulation output is reproduced in
Table 28-15,

28-31. Example 3. The network for this example is shown in Figure 28-8. The
purpose of this example is to 1llustrate inclusion of pumps into the optimiza-
tion. In thils case flow continuity in the network dictates the flow rate
through the pump. During the optimization the program will ignore the charac-
teristic curve of the pump. It will select the pump head in each loading pat-
tern such that the lowest pressure on the downstream side of the pump is equal
to the permissible minimum.

. 100 GPM 300 GPM 500 GPM
41 /

1 21 31 EEB \ 51 N 61 .
21 31 41 51 61 YAl

121 131 141

200 GPM 300 GPM 200 GPM
//’ 22 //’ 32 ,/’
22 32 4?2

Figure 28-8., System layout, Example 3

a. System Data. The system data are entered through the simulation rou-
tine. For the pump, the default characteristic curve will be used with a
rated discharge of 800 gallons per minute and a head of 300 feet, The line-
by-line prompts and inputs are given below. Lines without a question mark are
the prompts. The user's input appears after the question marks.

PROGRAM CONTROL

SIMULATION ¢ ENTER
OPTIMIZATION

COST DATA

TERMINATE PROGRAM

PRESS RETURN

O W N

SIMULATTON ROUTINE

28-61
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Table 28-15, Example 2, Final Output

PIPE NETWORK ANALYSIS AND OPTIMIZATION

JOB: EXAMPLE 2

NODE DATA Page |

NODE ELEV. OUTPUT F.G.L. PR.HEAD PRESSURE

NO. FT. GPM FT. FT. PST

11 1200.0 -1123. 1200,0 RESERVOIR
21 1050.0 200. 1134.5 84.5 36.6

22 980.0 300, 1059.5 79.5 34,5

23 950.0 200. 1055.8 105.8 45.8

31 1070.0 200. 1134.7 64,7 28.0

32 970.0 1300, 1020.2 50.2 21.7

33 950.0 300. 1155.8 105.8 45.9

41 1090.0 1140.5 50.5 21.9

42 960.0 300. 1087.2 127.2 55.1

43 960.0 300. 1074.8 114.8 49.7

51 1120.0 -2177. 1220.0 100.0 43.3 SUPPLY
53 950.0 200. 1069.1 119.1 51.6

PIPE DATA
PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
NO. FROM TO IN. FT. COEF GPM  FT/SEC LOSS
11 11 21 14,0 15840.0 75 1123, 2.3 65.5
21 21 31 10.0 5280.0 80 40, .2 .2
22 22 32 8.0 5280,0 100, * 472, 3.0 39.4
23 23 33 8.0 5280.0 100.* 10. .1 .0
31 41 31 10.0 5280.0 80. 240, 1.0 5.7
32 42 32 8.0 5280.,0 120. 755. 4.8  67.0
33 43 33 8.0 5280.0 120, 382, 2.4 19.0
41 51 41 10.0  21120.0 80. 470, 1.9 79.5
43 43 53 8.0 5280.0 120, 200. 1.3 5.7
i21 21 22 10.0 5280.0 80. 963, 3.9 75.0
122 22 23 10.0 5280.0 80. 190, .8 3.7
132 32 33 4.0 5280.0 100, * 72. 1.8 35,7
141 41 42 12.0 5280.0 120. 1937. 5.5 52.2
1642 42 43 12.0 5280.0 120. 882. 2.5 12.4
211 11 21 .0 15840.,0 120. 0. R 65.5
241 51 41 14,0  21120.0 120. 1707. 3.6 79.5
321 21 22 .0 5280.0 120. 0. R 75.0
28-62
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o SELECT PROGRAM OPTION :

‘-“ ' TO ENTER NEW JOB : ENTER 1 PRESS RETURN

o TO RETRIEVE DATA : 2

P

o 2 1

N S. KEYWORD IS JOB ENTER (KEYWORD) DATA LIST

o ? EXAMPLE 3

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
P 7 11 11 21 16 10560

K’ S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
oo ? 21 21 31 14 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 22 22 32 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 31 31 41 14 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
?7 32 32 42 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 51 51 61 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 61 61 71 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 121 21 22 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 131 31 32 6 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 141 41 42 8 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
7 PUMP 41 41 51

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD
? 800 300

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD
7 E

S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST
? NODE

FOR NODE 11 ENTER ELEVATION OUTPUT

7 1000

FOR NODE 21 ENTER ELEVATION OUTPUT

? 800 100

FOR NODE 22 ENTER ELEVATION OUTPUT

? 800 200

FOR NODE 31 ENTER ELEVATION OUTPUT

? 800

FOR NODE 32 ENTER ELEVATION OUTPUT

? 780 300

FOR NODE 41 ENTER ELEVATION OUTPUT

? 800

FOR NODE 42 ENTER ELEVATION OUTPUT

? 780 1200
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ﬂ:: FOR NODE 51 ENTER ELEVATION OUTPUT

o ? 800
X FOR NODE 61 ENTER ELEVATION OUTPUT

T ? 980 300 |
- FOR NODE 71 ENTER ELEVATION OUTPUT

; ? 950 500
b - S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST

et ?7 11.0

! o S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST

" ? END

}5: The input data are shown in Table 28-16,

%,

o.. ()

Lv The pipe diameters are arbitrary but '"reasonable," All pipes are to be sized,
4 plp

except pipe 131 which has a fixed diameter of 6 inches. The output at node 42
is 200 gallons per minute plus a fire flow of 1,000 gallons per minute. After

data entry the system is balanced. The corresponding output 1is shown in
Table 28-17.

IR

waa

B
2t b. Cost Data, The input of the cost data follows the same format as
._ used and illustrated in Example 2, After the system data are entered and the
B system is balanced once, the user returns to the PROGRAM CONTROL by taking
'q{ option 8, From the program control menu
P PROGRAM CONTROL:
{ . SIMULATION : ENTER 1 PRESS RETURN
.‘3 OPTIMIZATION 2
) COST DATA 3
A5 TERMINATE PROGRAM 4
K~
t) the user selects option 3., The next menu is
‘o SELECT PROGRAM OPTION:
~?' MODIFY DATA : ENTER 1 PRESS RETURN
o PRINT DATA : 2
; : STORE DATA : 3
po RETRIEVE DATA : 4
el PROGRAM CONTROL 8 |
5 TERMINATE PROGRAM: 9 :
o !
-y
ﬁ? Option 1 is selected. Only price function 1 will be entered, as well as 1
-l energy cost, time period, and interest rate.
4
_.' C. KEYWORD IS SIZE ENTER (KEYWORD) DATA LIST
QN ? PRICE 1 6 15.1
:\j C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
h‘ ?7 8 19.3
(\¢ C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
‘;; ? 10 28.9
7
.\ J

“s
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b Table 28-16. Input Data for Example 3

B

PIPE NETWORK ANALYSIS AND OPTIMIZATION

JOB: EXAMPLE 3

(aladk ek 2ei Rl

NODE ELEV. OUTPUT
¢ NO. FT. GPM
N
) 11 1000.0 RESERVOIR
B 21 800.0 100.
A 22 800.0 200.
' 31 800.0 0.
5 32 780.0 300.
41 800.0 0.
" 42 780.0 1200.
- 51 800.0 0.
. 61 980.0 300.
¢ 71 950.0 500.
o PIPE CONNECTIONS
.
- PIPE B E DIAM. LENGTH H-W C
e . No. NODE NODE IN. FT.
i
: 11 11 21 16.0 10560.0 100, *
21 21 31 14.0 5280.0 100, *
. 22 22 32 8.0 5280.0 100, *
: 31 31 41 14.0 5280.0 100, *
> 32 32 42 8.0 5280.0 100, *
| 41 41 51 PUMP
N 51 51 61 8.0 5280.0 100, *
s 61 61 71 8.0 5280.0 100, *
2 121 21 22 8.0 5280.0 100, *
- 131 31 32 6.0 5280.0 100, *
43 141 41 42 8.0 5280.0 100, *
R PUMP COEFFICIENTS FOR PUMP 41
X Q*Q Q CONSTANT
X -31.4761  -.0017 400.0
¢
L
{7
o
4
3
4
)
]
K,
"y 28-65
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;:: Table 28-17. First Output for Example 3
"!I‘
i
-
\.r‘
i PIPE NETWORK ANALYSIS AND OPTIMIZATION
’
I\ )
SN JOB: EXAMPLE 3
%"'
av.
3 NODE DATA Page 1
R | "
W
¢ NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
" NO. FT. GPM FT. FT. PSI
=
oo 11 1000.0 -2600. 1000.0 RESERVOIR
4 21 800.0 100. 936.6 136.6 59.2
b 22 800.0 200. 865.5 65.5 28.4
P, 31 800.0 904.3 104.3 45.2
At 32 780.0 300. 829.6 49.6 21.5
'l 41 800.0 881.4 81.4 35.2
Lot 42 780.0 1200. 791.6 11.6 5.0
o 51 800.0 1181.4 381.4 165.2
- 61 980.0 300. 1076.9 96.9 42.0
o 71 950.0 500. 1033.1 83.1 36.0
o
" PIPE DATA
(
:a PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
e NO. FROM TO IN FT. COEF GPM  FT/SEC LOSS
"
T 11 11 21 16.0 10560.0  100.*  2600. 4.1  63.4
s 21 21 31 14.0 5280.0  100.*  1850. 3.9 32.3
D 22 22 32 8.0 5280.0 100, * 450. 2.9 36.0
o 31 31 4l 14.0 5280.0  100.* 1537, 3.2 22.9
:.Q 32 32 42 8.0 5280.0  100.* 463. 3.0  38.0
Mo 41 4l 51 PUMP HEAD  300.0 FT 800. POWER 61, HP
b 51 51 6l 8.0 5280.0 100.* 800. 5.1  104.5
5 61 61 7l 8.0  5280.0  100.*  500. 3.2  43.7
° 121 21 22 8.0 5280.0  100.* 650. 4.1 71.1
W 131 31 32 6.0 5280.0 100, * 313. 3.6 74.7
\fa 141 41 42 8.0 5280.0  100.* 737. 4.7 89.7
' )
P, 4,
AV
0.
o
e
D) .:-:
<
o 28-66
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0 C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
S ? 12 40.5
!_ C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
N 7 14 52.1
el - C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
- 2 16 59.4
;~ . C. KEYWORD IS PRIC ENTER (KEYWORD) DATA LIST
o ? 18 68.6
! C. KEYWCRD IS PRIC ENTER (KEYWORD) DATA LIST
" ? 20 80.1
" FOR SIZE 24,
N ? 106
;:: C. KEYWORD IS SIZE ENTER (KEYWORD) DATA LIST
i ? ENERGY 0.075
' C. KEYWORD IS ENER ENTER (KEYWORD) DATA LIST
i ? YEAR 10
';x C. KEYWORD IS YEAR ENTER (KEYWORD) DATA LIST
5 ? INTEREST 10
: > C. KEYWORD IS INTE ENTER (KEYWORD) DATA LIST
fo8.! ? END
o
N " The cost data can then be printed by taking the appropriate option in the
;ﬂ option menu of the cost data routine. The table printed in this routine is
,: shown as Table 28-18.
WY
i¢' . c. Optimjization Parameters. Pipe 11 is to form group 1. Diameters of
i 14, 16, and 18 inches are to be tried. Pipes 21 and 31 together form group 2.

a,

Diameters of 12, 14, and 16 inches are to be tried. Croup 3 is to include the
four pipes 121, 22, 32, and 141, with diameters including 6, 8, and 10 inches.
Pipe 51 forms group 4, and pipe 61 forms group 5. Both groups are assigned
pipe sizes 6, 8, and 10 inches. Three loading patterns are to be tested. In
the first pattern no fire flow is to be included and a minimum pressure of

50 pounds per square inch must be maintained. This pattern is typical of how
the pump operates 50 percent of the time. In pattern 2 the water use is

RS .2 '

‘i“l 4, ‘ln Y

O

h e
a

O 70 percent of that in pattern 1. Again, a pressure of 50 pounds per square
‘:ﬂ inch must be maintained at all times. This pattern is typical of how the pump
_J: is operated 50 percent of the time. In the third pattern the output at
SN node 42 includes the fire load, for a total of 1,200 gallons per minute.
’ Pressures to be maintained are at least 20 pounds per square inch, except at
B> node 42 where 15 pounds per square inch is acceptable. Input of the optimiza-
o tion parameters follows the same format as illustrated in Example 2. The only
e new aspects are specification of the pump parameters. This input is shown
>~ below, following the last prompt after specifying the minimum pressure for
.' loading pattern 3.
,f; O. KEYWORD IS LOAD 3 ENTER (KEYWORD) DATA LIST
N ? LOAD 1 PUMP 41 50 80
n:t 0. KEYWORD 1S LOAD | ENTER (KEYWORD) DATA LIST
n ? LOAD 2 PUMP 41 50
0. KEYWORD IS LOAD 2 ENTER (KEYWORD) DATA LIST
) ? END
o
ey
:j 28-67
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‘:._,, Table 28-18. Cost Data for Example 3
N
"y
N PRICE FUNCTIONS
- SIZE 1 2
N
N\
W 2.0 6.3 30.0
! 3.0 8.6 30.0
71 4.0 10.8  30.0
- 6.0 15.1  14.5
Y 8.0 19.3  15.7
ib 10.0 28.9  16.8
s 12.0 40.5 17,7
§ 14.0 52.1  18.5
o 16.0 59.4 19,2
K 18.0 68.6  20.0
2y 20.0 80.1  20.5
> 24.0 106.0 21.6
o 30.0 147.0  23.1
0 36.0 192.0  24.3
Sl 42.0 2420  25.4
o 48.0 295.0  26.4
b, 54.0 331.0 0.0
. 60.0 396.0 0.0
EL 66.0 477.0 0.0
\ 72.0 554.0 0.0
) 78.0 642.0 0.0
A 84.0 734.0 0.0
o 96.0 941.0 0.0
A 108.0 1170.0 0.0
;i; 120.0 1420.0 0.0
b ENERGY COST 0.075 $/KWH
i
~:t TIME PERIOD 10 YEARS
Ko INTEREST 10.07
~:::
Y
£
T
°.
et
Cad
. ::-
A"
al
Wyl

e 28-68
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Note that for loading pattern 3 no percentage for time running was specified
for pump 41. The program defaults to zero percent, i.e., no pump cost will be
included for this pattern since fire flow only occurs for a very small percen-
tage of the time. In determining the total cost, the program will include the
pipe cost as well as the cumulative present worth of the pumping cost, accord-
ing to the percentage of time running under each loading pattern. In

Table 28-19 the table of the optimization parameters is shown as printed under
the print option of the optimization routine. After taking option 0 (zero) in
the menu of the optimization routine, the program will print the following
output:

IN GROUP 3: SIZE 6,0 ELIMINATED

GROUP 1, # OF SIZES:
GROUP 2, +# OF SIZES:
GROUP 3, # OF SIZES:
GROUP 4, # OF SIZES:
GROUP 5, # OF SIZES: 3

162 COMBINATIONS WILL BE TESTED.

W W W

JOB IS 10, % COMPLETE.
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 18.0 14.0 8.0 8.0 8.0
AT COST OF 2026880,

MIN., PRESSURE 2.2

JOB IS 20, 7 COMPLETE,
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM, 18.0 14.0 8.0 8.0 8.0
AT COST OF 2026880,

MI}. PRESSURE 2,2

JOB IS 30, 7 COMPLETE.
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM, 18.0 14.0 8.0 8.0 8.0
AT COST OF 2026880,

MIN, PRESSURE 2,2

JOB 1S 40, 7 COMPLETE,
BEST SOLUTION:

GRCUP 1 2 3 4 5
DIAM, 18.0 14.0 8.0 8.0 8.0
AT COST OF 2026880.
MIN, PRESSLURE 2.2

28-69
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“»
,: Table 28-19. Optimization Parameters for Example 3

OPTIMIZATION PARAMETERS
GROUP ASSIGNMENTS

PIPES IN GROUP 1
11

PIPES IN GROUP 2 :
21 31

e PIPES IN GROUP 3 :
o 22 32 121 141

i PIPES IN GROUP 4 :

Wy 51

PIPES IN GROUP 5 ;
61

AN PRICE FUNCTION ASSIGNMENTS

] PIPES IN PRICE FCT. 1
3 11 21 22 31 32 51 61 121 141

SIZE ASSIGNMENTS

! GROUP #  SIZES ASSIGNED:
28 1 18.0 16.0 14.0
! 2 16.0 14.0 12.0
S 3 10.0 8.0 6
4 10.0 8.0 6
5 10.0 8.0 6

LOADING PATTERNS

v LOADS IN GPM AND MIN. PRESSURE IN PSI
o PATTERN # 1 * 2 * 3 *
NODE # * GPM  PSI* GPM  PSI* GPM  PSI*
21 % 100. 50.0% 70, 50.0* 100. 20.0%
22 * 200, 50.0% 140. 50.0% 200. 20.0%
31 * 0. 50.0% 0. 50.0% 0. 20.0%
32 *  300. 50.0* 210, 50.0% 300. 20.0%
41 % 0. 50.0% 0. 50.0% 0. 20.0%
*
*
*
*

[eNeN o]

42 200. 50.0% 140, 50.0* 1200. 15.0%*
51 0. 50.0% 0. 50.0% 0. 20.0*
61 300. 50.0* 210. 50.0%* 300. 20.0%
71 500. 50.0* 350. 50.0* 500. 20.0%

AND % TIME RUNNING
2 * 3
*
50.0 * .0

PUMP EFFICIENCY
PATTERN # |
PUMP # EFFIC.
. 41  * 80,0 * 50.0
COEF. FOR CLEANING 120.
j' PRESSURE TOLERANCE -3. PSI
COST TOLERANCE +3. 7

* ¥ % 39
* » %
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JOB IS 50. 7 COMPLETE.
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 16.0 12.0 10.0 8.0 8.0
AT COST OF 2020657,

MIN. PRESSURE 1.6

JOB IS 60. 7 COMPLETE.
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 16.0 12.0 10.0 8.0 8.0
AT COST OF 2020657.

MIN. PRESSURE 1.6

JOB IS 70. % COMPLETE,
: BEST SOLUTION:
x GROUP 1 2 3 4 5

" DIAM. 16.0 12.0 10.0 8.0 8.0
7 AT COST OF 2020657.
N MIN. PRESSURE 1.6

5 JOB IS 80. 7 COMPLETE.
- BEST SOLUTION:

-2 GROUP 1 2 3 4 5
DIAM. 16.0 12.0 10.0 8.0 8.0
. AT COST OF 2020657,
MIN. PRESSURE 1.6
\.i
o JOB 1S 90. 7 COMPLETE.
v BEST SOLUTION:
- GROUP 1 2 3 4 5
: DIAM. 16.0 12.0 10.0 8.0 8.0
AT COST OF 2020657,
: MIN. PRESSURE 1.6
- PUMPS WITH UNSPECIFIED CHARACTERISTIC CURVE:
-2 PUMP 41 FLOW 801. HEAD  294.8
o OPTIMUM SOLUTION:
- GROUP 1 2 3 4 5
N DIAM. 16.0 12.0 10.0 8.0 8.0
- AT COST OF 2020657,
. MIN. PRESSURE 1.6
o IN PATTERN 3
i
~ PRESENT WORTH OF PUMPING COST 151537
- CHARACTERISTIC CURVES MUST BE ASSIGNED TO PUMPS LISTED ABOVE

BEFORE RUNNING SIMULATION AGAIN.

[ 2 3
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ALTERNATIVE SOLUTIONS:

DIAM, 18.0 14.0 8.0 8.0 8.0
MIN.PR. 2.2 IN PATTERN 3 COST 2026879.

DIAM., 18.0 14.0 8.0 10.0 8.0
MIN.PR. 2.2 IN PATTERN 3 COST 2041637,

DIAM, 18.0 14.0 8.0 8.0 10.0
MIN.PR. 2.2 IN PATTERN 3 COST 2072327.

DIAM. l16.0 12.0 10.0 10.0 8.0
MIN.PR. 1.6 IN PATTERN 3 COST 2035448,

DIAM. l16.0 12.0 10.0 8.0 10.0
MIN.PR. 1.6 IN PATTERN 3 COST 2066137,

DIAM. 16.0 12.0 10.0 10.0 10.0
MIN.PR. 1.6 IN PATTERN 3 COST 2080896,

DIAM. 16.0 16.0 8.0 8.0 8.0
MIN.PR. -1.9 IN PATTERN 3 COST 2007309,

DIAM. 16.0 16.0 8.0 10.0 8.0
MIN.PR. -1.9 IN PATTERN 3 COST 2022077.

DIAM, 16.0 16.0 8.0 8.0 10.0
MIN.PR. -1.9 IN PATTERN 3 COST 2052786,

DIAM. 16.0 16.0 8.0 10.0 10.0
MIN.PR. -1.9 IN PATTERN 3 COST 2067544,

As indicated in the printout above it will be necessary to assign a character-
istic curve to pump 4! since the curve entered in the simulation is no longer
appropriate. The printout indicates the discharge and head required. From
the menu of the optimization routine the user takes option 8 in order to
return to the program control menu. Then option 1, SIMULATION, is selected.
In the menu of the simulation routine, option 1 is used to enter the charac~
teristic curve (default curve for a rated discharge of 800 gallons per minute
and a head of 294.9 feet). The final output after balancing is shown in

Table 28-20,

28-32. Example 4. The purpose of this example is to show how cost of a pump
with fixed characteristic curve can be included in the optimization. 1In Fig-
ure 28-9 the layout of the system is shown. It has three supply points, two
tanks, and a pump, pumping from a reservoir into the system. Unrestricted
optimization, including the elimination of certain pipes as options, would
certainly result in the elimination of the loop. Grouping and size ranges are
used to prevent the optimization from reducing redundancies.
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‘1) Table 28-20. Final Output for Example 3, After Assigning
he Characteristic Curve
)
Fx
- PIPE NETWORK ANALYSIS AND OPTIMIZATION
L0 JOB: EXAMPLE 3
\
E NODE DATA Page 1
;., NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
N NO. FT. GPM FT. FT. PSI
{ 11 1000.0 -2600. 1000.0 RESERVOIR
- 21 800.0 100. 936.6 136.6 59.2
W 22 800.0 200. 887.7 87.7 38.0
o 31 800.0 887.6 87.6 37.9
I 32 780.0 300. 856.0 76.0 32.9
) 41 800.0 849.4 49.4 21.4
o 42 780.0 1200. 831.9 51.9 22,5
- 51 800.0 1144.3 344.3 149.2
- 61 980.0 300. 1039.9 59.9 42,0
o 71 950.0 500. 996.1 46.1 20.0
_".
g PIPE DATA
[ - PIPE NODES DIAM.  LENGTH FLOW  VEL. HEAD
e NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
o 11 11 21 16.0 10560.0 100.* 2600. 4.1 63.4
‘ 21 21 31 12.0 5280.0 100, * 1545, 4.4 49.1
L 22 22 32 10.0 5280.0 100.* 755. 3.1 31.7
- 31 31 41 14.0 5280.0 100.* 1348. 3.8 38.1
-, 32 32 42 10.0 5280.0 100.* 652. 2.7 324.1
- 41 41 51 PUMP HEAD 294.9 FT 800. POWER  60. HP
s 51 51 61 8.0 5280.0 100, * 800. 5.1  104.5
® 61 61 71 8.0 5280.0 100.* 500. 3.2 43.7
"~ 121 21 22 10.0 5280.0 100.* 955. 3.9 48.9
N 131 31 32 6.0 5280.0 100.* 197. 2.2 31.5
=~ 141 41 42 10.0 5280.0 100.* 548. 2.2 17.5
30
®
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500 GPM

-|| a

v
-

11
A 21 ///’ 31 41'

121 13

500 GPM 2000 GPM

1000 GPM

/ 22 / 32 / a2

52

22 32 42

Figure 28-9, System layout, Example 4

a, System Data. The data are entered through the simulation routine.
In the program control menu, option ! (SIMULATION) is selected.
simulation routine menu, again option 1 (TO ENTER NEW JOB) is selected.

prompt-bv-prompt and line-by-line input is presented below.

is shown as Table 28-21.

S. KEYWORD IS JOB ENTER (KEYWORD) DATA LIST
? EXAMPLE 4

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? PUMP 11 11 21

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARCE,

? 1500 350

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

? E

S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST
7 21 21 31 16 10560

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
722 22 32 16 10560

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
7 31 31 41 16 10560

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
?7 32 32 42 16 10560

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
7 42 42 52 16 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 121 21 22 16 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? 131 31 32 16 5280

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
? NODE

FOR NODE 11 ENTER ELEVATION OUTPUT

? 100

FOR NODE 21 ENTER FLEVATION OUTPUT

?7 100
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Table 28-21. Input Data for Example 4
N PIPE NETWORK ANALYSIS AND OPTIMIZATION
JOB: EXAMPLE 4
¥,
\ NODE ELEV. OUTPUT
Xy NO. FT. GPM
i
. 11 100.0 RESERVOIR
21 100.0 0.
" 22 350.0 500.
4 31 350.0 500.
- 32 350.0 2000.
. 41 385.0 WATER LEVEL: 80.0
K- 42 350.0 1000.
b 52 400.0 WATER LEVEL: 80.0
X
] PIPE CONNECTIONS
' PIPE B E DIAM. LENGTH H-W C
- NO. NODE NODE IN. FT.
3
“u
. 11 11 21 PIMP
L 21 21 31 16.0 10560.0 100.*
22 22 32 16.0 10560.0 100.*
31 31 41 16.0 10560.0 100.*
32 32 42 16.0 10560.0 100.*
42 42 52 16.0 5280.0 100, *
121 21 22 16.0 5280.0 100.*
131 31 32 16.0 5280.0 100.*
- PUMP COEFFICIENTS FOR PUMP 11
. Q*Q Q CONSTANT
- -10.4454 -.0010 466.7
N
<
{
)
X
L
A
4
7
d‘
f 28-75
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FOR NODE 22 ENTER ELEVATION OUTPUT

? 350 500

FOR NODE 31 ENTER ELEVATION OUTPUT

? 350 500

FOR NODE 32 ENTER ELEVATION OUTPUT

? 350 2000

FOR NODE 41 ENTER ELEVATION OUTPUT

? 385

FOR NODE 42 ENTER ELEVATION OUTPUT

? 350 1000

FOR NODE 52 ENTER ELEVATION OUTPUT

? 400

S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
7110

S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
? 41 80

S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
7 52 80

S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
? END

Arbitrarily, all pipes were assigned a diameter of 16 inches. The pump was
entered with a head of 350 feet at a discharge of 1,500 gallons per minute,

using the default curve. Output of the balanced system is shown as
Table 28-22,

b. Cost Data. The same cost data are used as in Example 3 (see
Table 28-18),

c. Optimization Parameters. Pipes 21, 31, and 131 each form one group:
groups 1, 2, and 4, respectively, Pipes 22 and 121 form group 3, and pipes 32
and 42 form group 5. No price functions are specified, i.e., all pipes will
default to function l. Selection of size ranges is more difficult. It may
not be immediately obvious that the main supply 1s to come through pipes 32
and 42, i.e., group 5. Experimentation in the simulation routine and/or some
preliminary runs in the optimization routine can help to clarify what size
ranges may be reasonable. Such experimentation shows that groups 1 through 4
can be kept small, while group 5 needs to be large. Two loading patterns are
specified: the first one has loads as entered in the simulation routine, and
the minimum pressure to be maintained 1is 40 pounds per square inch. The
second pattern has flow rates 50 percent higher than pattern l, and the mini-
mum pressure must be at least 25 pounds per square inch. Pattern 1 is to be
used for 42 percent of the time and pattern 2 for 18 percent of the time.
These percentages are specified with the keywords LOAD and PUMP, Pump effi-
ciency is 75 percent. The optimization parameters are listed in Table 28-23.
Upon selecting option 0, OPTIMIZATION, in the menu of the optimization rou-
tine, the program will respond with the following output:
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> Table 28-22., First Output for Example 4
\{

L

- PIPF NETWORK ANALYSIS AND OPTIMIZATION

0 JOB: EXAMPLE 4

i NODE DATA Page 1
A NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE

[~ NO. FT. CPM FT. FT. PSI

0

: 11 100.0 -1421, 100.0 RESERVOIR
{ 21 100.0 462.0 362.0 156.8

.. 22 350.0 500, 457.5 107.5 46.6

N 31 350.0 500. 458,8 108.8 47,1

b 32 350.0 2000, 455,5 105.5 45.7

r- 41 385.0 -741, 465,0 80.0 34,7 SUPPLY

L 42 350.0 100C, 463,3 113.3 49,1

< 52 400.0 -1838. 480.0 80.0 34,7 SUPPLY

-

S P1PE DATA

g . PIPE NODES DIAM, LENGTH FLOW VEL.  HEAD
5‘ XC. FROM TO IN. FT. COEF GPM FT/SEC LOSS

9
‘N 11 11 21 PUMP HEAD  362.0 FT 1421, POWER 130. HP

A 21 21 31 16.0 10560.0 100, * 519, .8 3.2

s 22 22 32 16.0 10560.0 100,* 402, .6 2.0

p 31 41 31 16.0 10560.,0 100, * 741, 1.2 6.2

, 32 42 32 16.0 10560.0 100.* 838. 1.3 7.8

- 42 52 42 16.0 5280.0 100, * 1838, 2.9 16.7

o 121 21 22 16.0 5280.0 100, * 902. 1.4 4.5

‘ 131 31 32 16.0 5280.0 100, * 760. 1.2 3.3

W

¢

*‘..

N

oy

“~
-
E:

-
K<
r.
&4

»

o

-

'.

., 28-77

e,

|

' '( T . < AT N vy A -"'-"-‘l'--;'l" LA T P A LN "w "\: N R e e --F..-‘I. ’*-‘-'h"
‘l‘. WO o' .h ' -{" " > "J '. o f.r_.r,. LA » . g RN " o

Rl ath Bl atd atih gl obh - abh alih nid '?‘F"F’T




. aac s ek Bt gieodiei pai o fiar aad sea-o3a -afs LEA-uieiaiagie aod otk b ath g bk A R Rl Dol SR RAR AR TRt dl il el
WP e 3

&

EM 1110-2-502

@ Part 1 of 2
s&, Change 6
o
-,(.‘:‘
%\.}‘ Table 28-23. Optimization Parameters for Example 4
~
3 - OPTIMIZATION PARAMETERS |
e
;j GROUP ASSIGNMENTS
el
U] PIPES IN GROUP 1
v 21
o PIPES IN GROUP 2
 ' 31
s, PIPES IN GROUP 3
P 22 121
v PIPES IN GROUP 4
4 131
o PIPES IN GROUP 5
::. 32 42
K- PRICE FUNCTION ASSIGNMENTS
L) ~I
PIPES IN PRICE FCT. 1l :
o 21 22 31 32 42 121 131
D7 -
o SIZE ASSIGNMENTS
v
o GROUP #  SIZES ASSIGNED:
{ 1 6.0 8.0 10.0
2 2 6.0 8.0 10.0
e 3 6.0 8.0 10.0
’;- 4 6.0 8.0 10.0
wa 5 18.0 20.0 24.0
f!l.
®) LOADING PATTERNS
3
- LOADS IN GPM AND MIN. PRESSURE IN PSI
L PATTERN # 1 * 2 *
v{ NODE # *  GPM PSI*  GPM PSI*
) 21 % 0. 40.0% 0. 25.0%
) 22 *  500. 40.0* 750. 25.0%
i'ﬁ 31  * 500, 40.0% 750. 25.0%
K- - 32 * 2000, 40.0% 3000. 25.0%
2 42 % 1000. 40.0% 1500. 25.0%
K-
A4 PUMP EFFICIENCY 7 AND 2 TIME RUNNING
() PATTERN # 1 * 2
9 PUMP # EFFIC. * *
> 11 * 75.0 * 42,0 * 18.0 *
‘&r COEF. FOR CLEANING 120.
Y PRESSURE TOLERANCE -3, PSI
g COST TOLERANCE +3. 7
%
-
N 28-78
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IN GROUP 3: SIZE 6.0 ELIMINATED

GROUP 1, # OF SIZES:
GROUP 2, # OF SIZES:
GROUP 3, # OF SIZES:
GROUP 4, # OF SIZES:
GROUP 5, # OF SIZES:

WwnNww

162 CCMBINATIONS WILL BE TESTED,

JOB IS 10. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 8.0 8.0 8.0 10.0 20.0
AT COST OF 2396614.

MIN. PRESSURE 4.7

JOB IS 20. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM, 8.0 8.0 8.0 10.0 20.0
AT COST OF 2396614,

MIN. PRESSURE 4.7

JOB IS 30. 7Z COMPLETE.
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 8.0 8.0 8.0 10,0 20.0
AT COST OF 2396614,

MIN. PRESSURE 4.7

Job IS 40. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 8.0 8.0 8.0 10.0 20.0
AT COST OF 2396614.

MIN. PRESSURE 4.7

JOB IS 50. % COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 6.0 6.0 8.0 10.0 20.0
AT COST OF 2281925,

MIN. PRESSURE 0.1

JOB IS 60. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 6.0 8.0 8.0 &.0 20,0
AT COST OF 2276147,

MIN. PRESSURE 2.9
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JOB IS 70. Z COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 6.0 8.0 8.0 6.0 20.0
AT COST OF 2252146,

MIN. PRESSURE 0.7

JOB IS 80. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 6.0 8.0 8.0 6.0 20.0
AT COST OF 2252146,

MIN. PRESSURE 0.7

JOB 1S 90. 7 COMPLETE
BEST SOLUTION:

GROUP 1 2 3 4 5
DIAM. 6.0 8.0 8.0 6.0 20.0
AT COST OF 2252146,

MIN. PRESSURE 0.7

OPTIMUM SOLUTION:

GROUP 1 2 3 4 5

DIAM. 6.0 8.0 8.0 6.0 20.0

AT COST OF 2252146, .
MIN. PRESSURE 0.7

IN PATTERN 2

ALTERNATIVE SOLUTIONS:

DIAM. 8.0 6.0 8.0 8.0 20.0
MIN.PR. 3.2 IN PATTERN 2 COST 2302969.

DIAM. 6.0 8.0 8.0 8.0 20.0
MIN.PR. 2.9 IN PATTERN 2 COST  2276147.

Since optimization was carried out with a fixed characteristic curve, the user
can access the simulation routine directly for a final rebalancing, before
printing the output corresponding to the worst loading pattern. The output is
reproduced in Table 28-24,

28-33. Example 5. The purpose of this example is to show how pipe size com-
binations are enumerated while optimizing a system. By choosing the OE option
from the optimization menu, each combination of pipe sizes tested will be dis-
played. The same system layout that was used in Example 4, shown in Fig-

ure 28-9, will be used for this example. Pipe sizes will correspond to the
optimal sizes of Example 4, shown in Table 28-24., Cost data from Example 4
will also be used. For the optimization parameters, pipes 21 and 121 will
form group 1, pipes 22 and 131 will form group 2, and pipe 31 will form

group 3. Sizes of 2, 4, 6, and 8 inches will be used for groups 1 and 3, and
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' N Table 28-24. Final Output for Example 4
Y

:»

S PIPE NETWORK ANALYSIS AND OPTIMIZATION

o

0% . JOB: EXAMPLE 4

?!v_

%) NODE DATA Page 1
)

A NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE

\‘.: NO. FT. GPM FT. FT. PSI

e 11 100.0 -1012. 100.0 RESERVOIR
- 21 100.0 513.6 413.6 179.2 |
P2 22 350.0 750. 419.7 69.7 30.2

g% 31 350.0 750. 410.0 60.0 26.0

v, 32 350.0 3000. 419.7 69.7 30.2

Y 41 385.0 -389. 465.0 80.0 34.7 SUPPLY
A 42 350.0 1500. 449.3 99.3 43.0

° 52 400.0 -4599. 480.0 80.0 34.7 SUPPLY
1 J"

oS

=

o PIPE DATA

2ol

Cy PIPE NODES DIAM.  LENGTH FLOW VEL.  HEAD

{ %0.  FROM TO IN. FT. COEF GPM __ FT/SEC _LOSS

2 J‘.

G 11 11 21 PUMP HEAD  413.6 FT 1012. POWER 106. HP

e 21 21 31 6.0  10560.0  100.% 257. 2.9 103.6

Rl 22 22 32 8.0  10560.0  100.* 5. .0 .0

R 31 41 31 8.0  10560.0  100.* 389. 2.5  55.2

@, 2 42 32 20.0  10560.0  100.*  3099. 3.2  29.6

K 42 52 42 20.0 5280.0  100.*  4599. 4.7  30.7

e 121 21 22 8.0 5280.0 100, * 755. 4.8 93.9

W 131 31 32 6.0 5280.0  100.* 104, 1,2 9.7

‘i

L%

®

R

o
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sizes of 4, 6, and 8 inches will be used for group 2. A minimum pressure of
25 pounds per square inch is to be maintained, and pump 11 is to operate

50 percent of the time with a wire-to-water efficiency of 75 percent,

Table 28-25 shows the optimization parameters. Option OE is selected from the
optimization menu, and the program responds with this output:

IN GROUP 1: SIZE 2,0 ELIMINATED
IN GROUP 1: SIZE 4,0 ELIMINATED
IN GROUP 1: SIZE 6.0 ELIMINATED

12 COMBINATIONS WILL BE TESTED.

COMB., # COST MIN, PRESS. REASON FAILED GROUP SIZES
1 1049959, - --- COST 8.0 3.0 8.0
2 983431, --=-- CosT 8.0 6.0 8.0
3 915500, 0.9 8.0 4,0 8.0
4 1005607, - - - - COST 8.0 8,0 6.0
5 941656, 1.5 8.0 6.0 6.0
6 878422, -3.1 PRESSURE 8.0 4.0 6.0
7 960199. --=-- COST 8.0 8.0 4.0
8 901281, -6.0 PRESSURE 8.0 6.0 4,0
9 590832, - - - - SIZE 8.0 4.0 4.0
10 917057, -2.3 8.0 8.0 2.0
11 611318, --=-- SIZE 8.0 6.0 2.0
12 543206, -=-=-- SIZE 8.0 4.0 2.0
OPTIMUM SOLUTION:
GROUP 1 2 3
DIAM. 8.0 4.0 8.0 .

AT COST OF 915500,
MIN, PRESSURE 0.9
IN PATTERN 1

ALTERNATIVE SOLUTIONS:

DIAM. 8.0 6.0 6.0
MIN.PR. 1.5 IN PATTERN 1 COST 941656,

The costs of the combinations shown above which failed the cost test are the
sum of the piping cost of the group sizes for the combination and the lowest
possible pumping cost, The lowest possible pumping cost is based on the maxi-
mum pipe diameters in each group. The minimum pressure displayed is the
actual pressure minus the required pressure., For combinations that have only
dashes displayed for the minimum pressure, the minimum pressure was not calcu-
lated either because the combination was too expensive or because all sizes in
the combination were less than or equal to sizes of a combination that was
previo sly tested and failed to meet the pressure requirement. Note that only
one alternative solution was listed because the other possible combination,
with a minimum pressure of -2.3 pounds per square inch, gave less pressure
than the optimum solution at a bigher cost and is not Pareto Optimal.
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. Table 28-25. Optimization Parameters for Example 5
o

' OPTIMIZATION PARAMETERS

7& GROUP ASSIGNMENTS

P "t

, PIPES IN GROUP 1:

! 21 121

Y PIPES IN GROUP 2:

b 22 131

P . .

/ PIPES IN GROUP 3:

. 31

[}

- PRICE FUNCTION ASSIGNMENTS

o

" PIPES IN PRICE FCT. 1:

‘ 21 22 31 121 131

L

L SIZE ASSIGNMENTS

<,

h GROUP#  SIZES ASSIGNED:

- 1 2.0 4.0 6.0 8.0

e 2 4.0 6.0 8.0
{ 3 2.0 6.0 6.0 8.0

> . LOADING PATTERNS

L)

4,

'\ LOADS IN GPM AND MIN. PRESSURE IN PSI
A PATTERN # 1 *

> NODE # *  GPM  PSI *

o 21 % 0. 25.0%

B 22 % 750. 25.0%

P 31 * 750. 25.0%
4 32 *  3000. 25.0%
< 42 % 1500, 25.0%
g PUMP EFFICIENCY 7 AND 7% TIME RUNNING
; PATTERN # 1 &

. PUMP # EFFIC. *

- 11 * 75.0 * 50,0 *
'é’ COEF. FOR CLEANING 120.0
i)
) PRESSURE TOLERANCE -3.0 PSI
v COST TOLERANCE +3.0 7
n‘. .
et
e

)

U

t

B 28-83

A

KD

N

@

v,

.l

4 o ST IYCOCETY % ] Q) (s LY
‘.'.‘,l:".' OO oy .'u 3 ;' J’ o‘l s Y \' ‘0 4'?.'. & ‘I' 0 AL e OO DO "nl. ! o'.‘o' DR TR O IR




-
- e

=

)
.
'
»
'y
X

- -

» s
L R R ]

-~
b R |
v

. -.,:
Y ML SN NS N

‘2's l).‘.'a‘.

a2

LR VLS IR SR Ny
AR T Ayt

Pf‘ "-

EM 1110-2-502
Part 1 of 2
Change 6

Section 6. Program Control for Extended Period (Time) Simulation Routine

28-34, Introduction, The extended period simulation routine (also referred
to as "Time Simulation") is accessed from the program control menu (see para-
graph 28-8) by selecting option 4, Prior to entering the extended period sim-
ulation, the system must already be entered using the steady-state simulation
routine and balanced. (See paragraphs 28-7 through 28-18 for details on the
steady-state simulation routine.)

28-35. Option Menu. Within the extended period simulation routine, program
execution is controlled by seven options, The user may select from starting
the extended period simulation, entering or modifying the extended period sim-
ulation data, printing the input data, storing the data on a user-selected
file, retrieving the data from a previously created file, returning to the
main program control menu, and terminating the program. The option menu, as
it appears at the terminal, is displayed below.

TIME SIMULATION MENU
SELECT PROGRAM OPTION:

BEGIN SIMULATION ¢ ENTER 0, PRESS RETURN
MODIFY,ENTER DATA : 1

PRINT TIME DATA
STORE TIME DATA
RETRIEVE TIME DATA :
PROGRAM CONTROL
TERMINATE

O oo~ nN

After the completion of options O through 4, program control returns to this
menu, Option 8 returns to the program control menu, and option 9 terminates
the program,

28-36. Description of Options. A general description of each of the menu
options follows.,

a, BEGIN SIMULATION. This option starts the extended period simulation,
For additional details, see paragraph 28-41. Before selecting this option,
all data must have been previously entered as described in paragraph 28-38,

b, MODIFY, ENTER DATA, This option allows the user to enter the time
simulation data or change any of the time simulation parameters. (See para-
graph 28-38.,)

c. PRINT TIME DATA, This option prints the data that were entered or
modified in the input routine, (See paragraph 28-39.,)

d. STORE TIME DATA. This option stores the time data entered under b,
on a user-selected file as an internal data file., Data are not automaticallyv
stored by the program. (See paragraph 28-40,)
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e, RETRIEVE TIME DATA. This option allows the user to retrieve data
that were stored under d. above.

f. PROGRAM CONTROL. This option returns control to the program control
menu,

g. TERMINATE., This option terminates the run.

28-37. Definition of Terms. The following terms are used in connection with
the time simulation routine.

a, Base Water Use, The water use that is assigned to nodes in the
steady-state simulation routine multiplied by the constant entered with the
keyword RATIO in the time simulation routine.

b. Duration., The time in hours that is simulated during an extended
period simulation run.

c. Extended Period Simulation. Simulation of pressures, flows, tank
water levels, and varying water use patterns over time.

d. Loading Factor, Factor by which the output at a node is multiplied
to describe the water use for a given time step. For example, if the water
use is 1,000 gallons per minute and the loading factor for a time step is 1.2,
the water use during that time step is 1,200 gallons per minute,

e, Spatial Distribution. Defines which nodes are assigned to a partic-
ular water use pattern, For instance, in a system, some water use nodes may
be governed by a residential water use pattern and others by a commercial
water use pattern,

f. Step Size. The period of time in hours equal to the duration divided
by the number of time steps. For example, if the duration of the extended
period simulation 1s 24 hours and number of time steps is 8, the time step
size {s equal to 3 hours., This is the user time step, The program also
calculates and uses internal time steps based on changes in flows at tanks and
when pumps (or pipes) turn on and off.

g. Time Step. The number assigned to the period of time for which a
particular loading factor is applied to a water use at a node. To relate time
step, step size, and time, use these equations:

t (N - 1) At

or

2
[l

(t/at)

+
—

where

N = number of the time step (e.g., N
step)

3 indicates the third time
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b
R
%; At = step size, hours/step (duration divided by the total number of time "
. steps)
o
: ] t = time at which time step N begins, hours. -
' For example, if the step size is 0.5 hour per step, the time at the beginning
& of the sixth time step is
K)
1
o t = (6 -1) 0.5 = 2.5 hours
QY
;3 and the time step assigned to time 6.5 hours to 7 hours is
ko th
z:. N = (6,5/0.5) + 1 = 14 step
5°
\ h, Water Use Pattern, A series of loading factors over time. Each time
et step is assigned a loading factor.
‘ -b
;: 28-38. Data Input. Input of the time simulation data is similar to the input
:: of the simulation and optimization data. A set of keywords, summarized in
" Table 28~26, enables the user to enter the time simulation data. To enter
e time simulation data, select the 'MODIFY,ENTER" option, and data will be
& requested with the following prompt
[: T. KEYWORD IS (xxxx) ENTER (KEYWORD) DATA LIST
i' The T. indicates that the prompt refers to the extended period (time) simula- -
2 tion data, and xxxx represents the current default kevword (e.g., DURATION),.
2 All keywords can be abbreviated with the first four letters. Numeric values
™ following the keyword must be separated by a blank or a comma, and there must .
- be a blank or comma between a keyword and numeric value, If data are entered
:3 without a keyword, the keyword displayed in the prompt will be used. Each of
the keywords and their formats are described below.
fq a. DURATINN. This keyword is used to enter the number of hours for
15 which the simulation is to take place., The format for the keyword is given
N below,
.
; Hours of Simulation
p DURATION 48
Ca
: In this case, the program will simulate 48 hours of operation., If duration is
j not specified, the program will simulate 24 hours of operation.
'J
e b. STEPS. This keyword is used to specify the number of time steps for
'j the extended period simulation. The format is given below.
'
" Number of Steps
. STEPS 8
l.
)
Q:.
il
)
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Table 28-26. Keywords for Extended Period Simulation
(T. Prompt)
BEGIN XX ON
Link#
or
BEGIN XX OFF
Link#
DETAIL ON
or
DETAIL OFF
DURATION XX.X
Hours of Simulation
EXCLUDE XX XX.X XX.X
Link# Beg. Hour End Hour
END
INCLUDE XX XX XX
List of Link #
FIRE XX XX.X XX.X XX.X
Node i Beg. Time Step Duration Time Step Flow,gpm
or
FIRE XX
Node #
PLINK XX XX XX e e e
List of Link #
or
PLINK XX XX XX DELETE
List of Link #
PNODE XX XX XX . .
List of Node #
or
PNODE XX XX XX . + . DELETE
List of Node #
pUMP XX LEFT XX XX XX
Link# Tank # On Level, ft Off Level, ft
or
PUMP XX LEPSI XX XX XX
Link # Node # On Press., psi Off Press., psi.
or
PUMP XX TIME XX.X XX.X
Link # Beg. Hour End Hour
or
PUMP XX
Link #
RATIO XX.X
Ratio
(Continued)
28-87
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Table 28-26, (Concluded)
SPATIAL XX NODES XX XX XX ...
Pattern ¥ List of Nodes
or
SPATIAL XX RANGE XX XX
Pattern # First Node Last Node
STEPS XX
Number of Steps
TANK XX XX XX XX [$,09)
Node # Max HT,ft Min HT,ft Area,sqft 1Init. HT,ft
or
TANK XX
Node #
USAGE XX XX.X1 XX.X2

Pattern # Beg Time Step End Time Step

The time specified with keyword DURATION will be divided into eight equal time
periods. Up to 56 time steps for a given duration may be specified. The
length of an individual time step is the duration divided by the number of

steps, If the user does not specify the number of time steps, the default
value is 24 steps.

c. TANK., This keyword is used to assign extended period simulation data

to a tank. The format for this keyword is given below,

Max HT Min HT Area Init Water level
Node # (ft) (ft) (sqft) (ft)
TANK 30 110 90 1000 105

The elevations shown are water heights in the tank measured above the node
elevation specified in the steady-state simulation., The initial water level
is optional, If not entered, the water level specified in the steady-state
simulation is assigned to the initial water elevation, When entering the max-
imum and minimum water heights, the value of the maximum water height must
always exceed the value of the minimum water height. If during the extended
period simulation the water level in the tank reaches either the maximum or
minimum water height, the tank 1is disconnected from the remainder of the sys-
tem. Actually, the program will disconnect the link(s), connected to the
tank, from the system. To prevent the network from being discontinuous at the
tank, it is advised that no in-line tanks be used. The illustration below
shows the correct and incorrect way to connect tanks to the system.

o TANK NODE
!
TANK
NODE
Q====== Qr===== Q=== (o]
Q-======== O=m——————- (o]
CORRECT INCORRECT
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The area is an average horizontal cross-sectional area of the tank. If the
water level in the tank is to remain constant during the entire extended
period simulation, the user should specify an area of 0 for the tank. The
program will use an area of 1EI0 for the tank so the water level will not
fluctuate. Any node entered with keyword tank must have been previously
declared as a tank in the steady-state simulation routine. Up to 20 tanks may
be assigned data for the extended period simulation. Tanks can be excluded
from the extended period simulation with the following format:

NODE #
TANK 21

When deleting a tank from the extended period simulation, it must also be
deleted from the steady-state simulation, by assigning the node an output. If
tanks in the steady-state simulation are not entered with keyword TANK, they
are treated as constant head nodes (e.g., no fluctuation in water level).

d. USAGE. This keyword is used to assign water use loading factors over
a range of time steps. These values are entered on two separate lines. The
format is given below.

Beginning Ending
Pattern # Time step Time step
USAGE 2 2 7

Next, the program prompts the user to enter values (six for this case) showing
the relative water loading factors for each time step as follows.

ENTER & VALUES
1 1 1.2 1.3 1.0 .8

After the user enters the six values, the program returns to the input prompt.
A loading factor may also be assigned to a single time step and pattern with
this format.

Pattern # Time step
USAGE 1 2

The program responds with

ENTER 1 VALUE

2

After entering the value, the program returns to the input prompt. Fiftee:
relative water loading factors may be entered per line. If the time ~imu..:
tion contains more than 15 steps, loading factors must be entered i+ - :v
one step. For example, if the time simulation is divided into .. t¢1 -
the loading factors in two steps.

28-84a

STCCT
4

"y o %




“WRTER DISTE BUTTON A - 4 1y
UsEQ’ GUIDE AND DO (U) RRHV E“GI“EER HRTERURVS
. EXPERIMENT STATION VICKSBURG NS ENV
UNCLASSIFIED J GESSLER ET AL 01 J 7 F/G 1372

NN
I O A -




DAt A -
L Ve

DAL XX

e b @ o W e 4

R L X X AN

-

‘ |
e ]

fl2

= i
="

22 i ne

- W . .
(PEFEER
i
N

rr
4

T
r

- e
-

2~ -

IR T, Y SN

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAY OF STANDARDS-1963-A

-

#FrroSsde A

01 o ) ) ) . o v . ) v ) . © .1
’ . "k M ISUN AU X IO AN
" ‘e" "“.'0':'0..'<?'l:: " '." .r‘.‘ o: ““ 'ﬂ':i:;ﬂ .;:::.. .0. :;:““ .‘r WA W A Ao : g:“.‘:! "u"ﬁ."r;"o Sy
)
;‘,‘.‘ v ‘H o,\t l .0. l,v ’ ‘:,:.o‘ l. b .H :i 0.‘ t.' 0, u .‘ 0.“ .".:’0'

e l.‘ (MCRX M c t WX N
\ " .o ,p ..o e ! 0 W, n.n. ; M'.oh N. : yc Wy,
"'l““}t f,!.' “2 \ “ ‘ "’ \‘" .'.. EXY v:;‘x‘. :,' e :, igs :J ] ‘ ﬂl‘ ) Q‘ v O e ¥ .él ,'é

’J



T T IR e

EM 1110-2-502
i Part 1 of 2
i Change 6

Beginning Ending
A Pattern # Time Step Time Step
USAGE 1 1 15

\ The program prompts for 15 values. After entering the 15 values, type

\ Beginning Ending
n Pattern # Time Step Time Step
v USAGE 1 16 24

The program prompts for the remaining nine values. Up to five usage patterns
may be specified for an extended period simulation.

e. SPATIAL. This keyword is used to assign water use patterns to a
range of nodes or to individual nodes. To assign a water use pattern to a
M range of nodes, the format is:

K) First Last
\J Pattern # node node
) SPATIAL 1 RANGE 11 33

All water use nodes with numbers ranging from 11 to 33, excluding tanks, will
follow in water use pattern 1. The beginning node for the range of nodes must
always be less than the ending node. To assign a water use pattern to indi-
vidual nodes, the format is:

Pattern # Node numbers
SPATIAL 2 NODES 3 10 26 27

Nodes 3, 10, 26, and 27 will follow water use pattern 2. Every water use

: node, except constant head nodes, must be assigned to a water use pattern.

¢ Water use nodes not assigned to a use pattern will follow use pattern l. Key-
g word USAGE defines water use patterns. For instance, some nodes may be
assigned to a residential water use and others a commercial water use pattern.

f. RATIO. This keyword can be used to multiply the water use rates in

K the steady-state simulation by a correction factor. The format is given

' below.

4

v RATIO 1.5

0!

f: All water use rates at nodes in the steady-state simulation will be multiplied

by 1.5 before being multiplied by the loading factor (e.g., to correspond to
peak-day use). RATIO cannot be applied to an individual node.

g. FIRE. This keyword is used to instruct the program to simulate a
ﬁ fire flow at a node for a specific time period. The format is given below.
L)
k Beginning Ending Flow
: NODE # Time Step Time Step  (gpm)
L4 FIRE 9 2 3 1000 .
;
Y 28-90
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&
» , Up to five nodes with fire flows can be specified, Note that the beginning
A and duration of the fire are given in time steps, not hours. Also, the start-
oy ing time step cannot exceed the total number of time steps, and the time at
. . which the fire ends (starting time step plus duration) should not exceed total
i‘ ’ number of time steps. The fire flow will override any previous water use
-é assigned to the node with the keyword USAGE. A fire flow assignment at a node
,%: : may be deleted with the following format:
' NODE #
o FIRE 9
_\."n
&2 All fire data at node 9 are deleted, and the previous water use at the node,
?f; if any, is reassigned to the node. Constant head nodes cannot be assigned a
B fire flow.
?” h., PUMP. This keyword is used to tell the program to simulate manual or
Q automatic control of pumps in a system during an extended period simulation.
N Pumps can be contr.lled by tank water levels, pressure at a node, or time.
ga The following format is used to control pumps by tank water levels.
o On Level  Off Level
o LINK # TANK # Feet Feet
o PUMP 5  LEFT 3 100 125
b
§? Pump 5 will start pumping when the water level in tank 3 drops to 100 feet
s . (measured above the node elevation specified in the steady-state simulation)
s and stop pumping when the tank water elevation reaches 125 feet., The tank
ﬁz water levels specified when using keyword LEFT (level in feet) should fall
3 - within the maximum and minimum tank water levels specified with the keyword
FS: TANK in the extended period simulation (paragraph 28-37¢). Be careful not to
:ﬁ“ connect the suction side a pump to a tank that may drain during the simula-
%3 tion., Also, the water level at which the pump begins pumping should be less
e than the water level at which the pump turns off. If the values are too
Qﬁ close, pumps will cycle on and off rapidly, and program run times will be
a& large. To control pumps by pressure at a node, the format is
4
as On Pressure Off Pressure {
& LINK # NODE # psi psi f
o PUMP 5  LEPSI 7 30 40 !
= ‘
1': Pump 5 will start pumping when the hydraulic grade line at node 7 reaches
{H{ . 30 pounds per square inch * (2,308) plus the elevation of the node specified
f- in the steady-state simulation and will stop pumping when the hydraulic grade
‘ . line reaches 40 pounds per square inch * (2,308) plus the elevation of the
o node. The on pressure specified with keyword LEPSI (level in pounds per
& square inch) should be less than the off pressure, If controlling pumps by
‘%ﬁ pressure at a tank, use water level control. To control pumps by time, the
s format is
1{ Beginning Ending
N LINK # Hour Hour
o PUMP 5 TIME 2 5
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3&5;

This entry will start pump 5 running at the beginning of hour 2. After

R 3 hours, pump 5 will stop pumping. To turn pumps on and off several times
{ during a simulation, the format is

. ‘> '\
p:ﬁ"
:2?: Beg. End. Beg. End. Beg. End.
K, LINK # Hour Hour Hour Hour Hour Hour
154e!

PUMP 5 TIME 2.3 4.5 6.2 9 12.83 15

Pump 5 will start pumping at time 2.3 hours, stop at time 4.5 hours, start at

N time 6.1 hours, stop at time 9 hours, start at time 12.83 hours, and stop at
Do time 15 hours. Up to seven on and off times may be specified. Note that the
e start of pumping and end of pumping are given in hours, not time steps. Up to
b 20 pumps may have controls specified for an extended period simulation. Com-
:Jx‘ bining tank water level (or node pressure) and time control is also possible.
. Tank water level will override time control. All pump controls can be deleted
B with this format.
Yo
223- LINK #
Sy PUMP 5
'l!"'
@ . i. BEGIN. This keyword is used to initially turn on or off those pumps
ﬁsa entered with kevword PUMP (paragraph 28-38h). To initially turn pumps on, the
e format is:
e

s LINK #
ol BEGIN 5 ON
;qu To initially turn pumps off, the format is:

N

'
: :: LINK #
vy BEGIN 5 OFF
Ky
:) The program will override this when the initial pressure at a node controlling
??h the pump is below the on-pressure limit or, for a pump controlled by time,
fﬁw when it is initially turned on at hour O (zero). If this keyword is not used,
;’ﬂ pumps in the extended period simulation will initially be turned on.
)
’19‘ j. PLINK, This keyword is used to assign links for which flows will be
it printed at the end of each time step. The format is given below.

e
Y List of Links
e PLINK 3 2 6
c':k
o Flows in gallons per minute through links 3, 2, and 6 will be displayed at the
‘!* end of each time step. Pumps, check valves, and PRVs may be included in the
fﬁu list. Flows through PRVs will not be displayed; instead, their status
:- - (active, open, or closed) will be displayed. To delete links from the list,
::;::: the format is
’\‘.'i

4y gy List of Links
ot PLINK 3 4 7 DELETE

28-92
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Flows through links 3, 4, and 7 will not be displayed at the end of each time.
The sum of nodes and links displayed cannot exceed 10.

k. PNODE, This keyword is used to assign nodes or tanks for which pres-
sures or tank water levels will be displayed at the end of each time step or
when a pump turns on or off., The format is given below.

List of Nodes
PNODE 5 7 8 12

For all nodes in the list which are tanks, the water levels in the tanks will
be displayed at the ernd of each time step. Pressures at other nodes will be
shown, To delete nodes from the list, the format is:

List of Nodes
PNODE 5 12 DELETE

Pressures (or tank water levels) will not be displayed for nodes 5 and 12. If
no nodes are specified with keyword PNODE and no links with keyword PLINK,
tank water levels at the end of each time step will be shown. The sum of
nodes and links displayed cannot exceed 10.

1. DETAIL, This keyword provides printing of flows through links and
heads of nodes specified with keywords PLINK and PNODE at each internal time
step. In addition to the time steps identified by the user where loading

. factors change, the program calculates internal time steps based on changes in
irflows and outflows to tanks and when pumps or PRVs will change status. To
print flows and heads at each internal time step, the format is "DETAIL ON,"
To turn the detailed printing off, the format is "DETAIL OFF." The default is
off where flows and heads are printed only at the end of each time step
defined by the user.

m. EXCLUDE. This keyword is used to remove links from the network for
portions of an extended period simulation (e.g., to simulate a pipe break).
The format is:

Start End
Link # Hour Hour
EXCLUDE 11 3.50 9,50

This entry will close pipe link 11 at time 3,50 hours and reopen the pipe at

time 9,50 hours. All pipes are considered open at the beginning of the simu-
lation unless the beginning hour of exclusion is 0 hours. To close a pipe and
reopen the pipe several times during an extended period simulation, the format

is:
Start End Start End Start End
Link # Hour Hour Hour Hour Hour Hour
EXCLUDE 13 0 3 6 9 12 15

S 28-93
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Pipe 13 will close at time O hours, open at time 3 hours, close at time

6 hours, open at time 9 hours, close at time 12 hours, and open at time

15 hours. Up to seven pairs of close and open times may be specified. Note
that times are in hours, not time steps. Up to 15 pipes may be excluded from
the system; however, PRVs and check valves may not be excluded. Pumps may not
be excluded with this keyword, but can be turned off with keyword PUMP (para-
graph 28-38h).

n. INCLUDE. This keyword is used to reinsert links that have been pre-
viously removed from the system with the EXCLUDE keyword. The format is given
below.

List of links
INCLUDE 15 22 33

Pipe links 15, 22, and 33 will now be considered for the extended period simu-
lation. If the user attempts to include a pipe that was not previously
excluded, a warning message will be printed.

o. END. This keyword terminates the data entry for the extended period
simulation. The program returns to the time simulation menu.

28-39. Printing of Time Data. All time simulation data entered under para-
graph 28-38 are printed when the user selects "PRINT TIME DATA" from the time
simulation menu. Displayed are the time simulation duration, the time step
size, the number of time steps, the ratio of outputs from the steady-state
simulation, water use patterns for each time step and nodes assigned to each
pattern, tank data, fire event data, links that are out of service, node usage
patterns, and nodes and links that will have output displayed at the end of
each time step. After printing, control returns to the time simulation menu.

28-40. Storage and Retrieval of Time Simulation Data. The time simulation
parameters entered (paragraph 28-38) and printed (paragraph 28-39) can be
stored in a user-selected file name. When selecting "STORE TIME DATA"
(option 3) in the menu, the program responds with the prompt "ENTER FILE
NAME." The user enters any file name that conforms with the file name
requirements of the computer system. Data stored under this option can be
retrieved by selecting "RETRIEVE TIME DATA" (option 4) in the menu.

28-41. Time Simulation. To begin the extended period simulation, the user
selects option O in the time simulation menu. The program calculates the
level of the energy grade line and pressure at each node, the flows and head
losses in each pipe, the flow and head for each pump, and the mode of opera-
tion for each pump, PRV, and check valve for unsteady-state conditions. Fluc-
tuations in tank levels and varying water use patterns over time are
considered. At the end of each time step, flows through those links that were
specified with keyword PLINK are printed. At the end of each time step, the
program also prints pressures at nodes (or tank water levels at nodes which
are tanks) for those nodes specified with keyword PNODE. At the end of a time
step and at the beginning of the next time step, the program records the water
levels for each tank in the system and minimum pressures and nodes where the
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minimum pressure occurred. These values are displayed at the end of the sim-
ulation. Program control returns to the menu of the extended period (time)
simulation routine. It is then possible to modify time parameters or return
to the main program menu, and then to the steady-state simulation to update
and expand the present system.

28-42. Example 6.

a. Network Description. The network for this example is shown is Fig-
ure 28-10. The purpose of this example is to illustrate entering of the
extended period (time) simulation parameters. Pump 9 shown in the network
will be controlled by the water level in tank 2. A fire flow will occur at
node 22 for 1 hour during the simulation. Water uses at nodes will vary over
time, and water levels in tanks 2 and 25 will fluctuate over time.

b. System Data Input. Prior to entering any time data, system data must
be entered in the steady-state simulation routine. Data entry, starting from
the main program menu, is shown here.

-

PROGRAM CONTROL :

SIMULATION : ENTER
OPTIMIZATION :

COST DATA

TIME SIMULATION
TERMINATE PROGRAM

PRESS RETURN

O~ WwN -

SIMULATION ROUTINE

SELECT PROGRAM OPTION

ENTER 1 PRESS RETURN
2

TO ENTER NEW JOB
TO RETRIEVE DATA

13

S. KEYWORD IS JOB ENTER (KEYWORD) DATA LIST
- EXAMPLE 6
» S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
PUMP 9 9 10
POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD
1000 300
L POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD
1500 250
POINT 3 ON CHARACTERISTIC CURVE: ENTER DISCHARGE, HEAD
2000 198
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9 10 1 12
9 ® 10 1 12 13 L-q-%_—]
1m 112 13
21 22 23 24
21 22 23 24 25
121 122
31
3 32

Figure 28-10., System layout, Example 6

PUMP COEFFICIENTS FOR PUMP 9. Q in CFS
Q*Q Q CONSTANT

~0.8058 -40.3948 394.0
S. KEYWORD IS PUMP  ENTER (KEYWORD) DATA LIST
PIPE 10 10 11 18 10530
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
11 11 12 14 5280
S. KEYWORD 1S PIPE ENTER (KEYWORD) DATA LIST
12 12 13 10 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
21 21 22 10 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
22 22 23 12 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
23 23 24 10 8400
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
24 24 25 18 200
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
31 31 32 6 5280
S. KEYWORD IS PIPE  ENTER (KEYWORD) DATA LIST
110 2 12 18 200
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
111 11 21 10 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
112 12 22 12 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
113 13 23 8 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
121 21 31 8 5280
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S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
122 22 32 6 5280
S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST
NODE
FOR NODE 2 ENTER ELEVATION, OUTPUT
850
FOR NODE 9 ENTER ELEVATION, OUTPUT
800
FOR NODE 10 ENTER ELEVATION, OUTPUT
710
FOR NODE 11 ENTER ELEVATION, OUTPUT
710 150
FOR NODE 12 ENTER ELEVATION, OUTPUT
700 150
FOR NODE 13 ENTER ELEVATION, OUTPUT
695 100
FOR NODE 21 ENTER ELEVATION, QUTPUT
700 150
FOR NODE 22 ENTER ELEVATION, OUTPUT
695 200
FOR NODE 23 ENTER ELEVATION, OUTPUT
690 150
FOR NODE 24 ENTER ELEVATION, OUTPUT
670 400
FOR NODE 25 ENTER ELEVATION, OUTPUT
850
FOR NODE 31 ENTER ELEVATION, OUTPUT
700 100
FOR NODE 32 ENTER ELEVATION, OUTPUT
710 100
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
2 120
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
90
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
25 110
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
END

After the simulation menu appears, select option 2, "PRINT INPUT."

Table 28-27 displays the entered data. Now balance the system by selecting
option 0 (zero) from the menu. Table 28-28 shows the output from the balanc-
ing. When the simulation menu reappears, select option 8, "PROGRAM CONTROL,"
and then option 4, "TIME SIMULATION," from the program control menu. Data
entry of the time simulation parameters beginning from the time simulation
menu is shown here.

TIME SIMULATION MENU

SELECT PROGRAM OPTION:
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Table 28~27. Input for Example 6
PIPE NETWORK ANALYSIS AND OPTIMIZATION
JOB: EXAMPLE 6 b
NODE ELEV, DOM. LOAD
NO. FT. GPM
2 850.0 WATER LEVEL: 120.0
9 800.0 RESERVOIR
10 710.0 0.
11 710.0 150.
12 700.0 150.
13 695.0 100.
21 700.0 150.
22 695.0 200.
23 690.0 150.
24 670.0 400.
25 850.0 WATER LEVEL: 110.0
31 700.0 100.
32 710.0 100.
PIPE CONNECTIONS 9
PIPE B E DIAM, LENGTH H-W C
NO. NODE NODE IN. FT. {
9 9 10 PUMP !
10 10 11 18.0 10530.0 100 .*
11 11 12 14.0 5280.0 100.*
12 12 13 10.0 5280.0 100.*
21 21 22 10.0 5280.0 100, *
22 22 23 12.0 5280.0 100, *
23 23 24 10.0 8400.0 100.*
24 24 25 18.0 200.0 100.*
31 31 32 6.0 5280.0 100.*
110 2 12 18.0 200.0 100, *
111 11 21 10.0 5280.0 100, *
112 12 22 12.0 5280.0 100.*
¢ 113 13 23 8.0 5280.0 100.*
121 21 31 8.0 5280.0 100.*
122 22 32 6.0 5280.0 100.*
PUMP COEFFICIENTS FOR PUMP 9
Q*Q Q CONSTANT
-0.8058 -40.3948 394.0

28-98
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"u:::' Table 28-28. Output for Example 6
'P."l .
)
., L]
“P: PIPE NETWORK ANALYSIS AND OPTIMIZATION
i
:& . JOB: EXAMPLE 6
|fi‘i:.-'
'3 NODE DATA Page 1
"' .‘
ek NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
o NO. FT. GPM FT. FT. PSI
L | '.Q'
o) 2 850.0 596. 970.0 120.0 52.0 SUPPLY
- 9 800.0 -1922. 800.0 RESERVOIR
o 10 710.0 1006.2 296.2 128.4
N 11 710.0 150. 985.9 275.9 119.5
th 12 700.0 150. 970.0 270.0 117.0
3&5. 13 695.0 100, 967.4 272.4 118.0
et 21 700.0 150. 970.6 270.6 117.2
, 22 695.0 200. 967.5 272.5 118.1
o 23 690.0 150. 965.4 275.4 119.3
24 670.0 400. 960.0 290.0 125.6
) 25 850.0 -165. 960.0 110.0 47.7 SUPPLY
‘\€§ 31 700.0 100. 966.3 266.3 115.4
s . 32 710.0 100. 964 .4 254.4 110.2
E '.‘b
o PIPE DATA
Y
oScH
5 PIPE NODES DIAM.  LENGTH FLOW VEL.  HEAD
-0 v T IN. FT. COEF GPM  FT/SEC LOSS
,) NO. FROM 0
A 9 9 10 PUMP HEAD  206.0 FT 1922. POWER 100, HP
ity 10 10 11 18.0  10530.0  100.* 1922, 2.4  20.3
n 11 11 12 14.0 5280.0 100.* 1259. 2.6 15.8
e 12 12 13 10.0 5280.0  100.* 196. 0.8 2.6
4098 21 21 22 10.0 5280.0 100, * 217. 0.9 3.1
® 22 22 23 12.0 5280.0 100.* 280. 0.8 2.1
'S’: 23 23 24 10.0 8400.0  100.* zgg. g.g g.g
oo 2% 25 24 18.0 200.0  100.* 165. . .
Pt . 31 31 32 6.0 5280.0  100.* 43, 0.5 1.9
RRK 110 12 2 18.0 200.0  100.* 596. 0.8 0.0
L 111 11 21 10.0 5280.0  100.* 510. 2.1  15.3
e- - 112 12 22 12.0 5280.0  100.%* 315. 0.9 2.6
e 113 13 23 8.0 5280.0  100.% 96. 0.6 2.1
14§~ 121 21 31 8.0 5280.0  100.* 143. 0.9 4.3
S 122 22 32 6.0 5280.0  100.* 56. 0.6 3.1
o
.'. W
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BEGIN SIMULATION : ENTER O, PRESS RETURN
MODIFY, ENTER DATA:
PRINT TIME DATA :
STORE TIME DATA

RETRIEVE TIME DATA:
PROGRAM CONTROL :

TERMINATE

1

TIME SIMULATION INPUT
TYPE KEYW FOR LIST OF KEYWORDS

T. KEYWORD IS (DURA) ENTER (KEYWORD) DATA LIST

24

T. KEYWORD IS (DURA) ENTER (KEYWORD) DATA LIST

STEP 24

TIME STEP DURATION 1.00

T. KEYWORD IS (STEP) ENTER (KEYWORD) DATA LIST

USAGE 1 1 12
ENTER

12 VALUES
1.01.11.21.31.41.51.61.51.,41.31,21.,1

O 0O WK -

HOURS

T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST

USAGE 1 13 24
ENTER

12 VALUES
1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.5 0.6 0.7 0.8 0.9

T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST

SPATIAL 1
T. KEYWORD IS
RATIO 1

T. KEYWORD IS

RANGE 11 32

(SPAT) ENTER

(RATI) ENTER

TANK 25 130 80 2000 110

T. KEYWORD IS

(TANK) ENTER

2 150 100 2000 120

T. KEYWORD IS
90000

T. KEYWORD IS
PUMP 9 LEFT 2
T. KEYWORD IS
BEGIN 9 OFF
T. KEYWORD IS
FIRE 22 10 11
T. KEYWORD IS
PNODE 2 25 10
T. KEYWORD IS

(TANK) ENTER

(TANK) ENTER
110 140
(PUMP) ENTER

(BEGL) ENTER
1000

(FIRE) ENTER
12

(PNOD) ENTER

PLINK 110 24 10 9

T. KEYWORD 1S
DETAIL OFF

T. KEYWORD IS
END

(PLIN) ENTER

(DETA) ENTER

(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)

(KEYWORD)

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

28-100

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST
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}5; When the time simulation menu reappears, print the time data by selecting

o ) option 2, "PRINT TIME DATA." Table 28-29 shows the entered time data, Now
by begin the simulation by selecting option 0, "BEGIN SIMULATION." The program
oY produces two tables of output., Table 28-30 gives the first table of output
:a} : showing the flows in the links specified with keyword PLINK and the heads of
SO the nodes specified with keyword PNODE, The column with the heading "TIME"
{f:s - gives the time in hours corresponding to the time just before the hour, when
Rl water use changes have not yet been made, Negative flows in links indicate

.2 4 that the flow has reversed direction. Heads shown for tanks 2 and 25 are the
o hydraulic grade line at each node (i.e., the tank water level above the node
i”q added to the node elevation). Note that pump 9 turned on when the water level
X : in tank 2 dropped to 110 (hydraulic grade line of 960), The water level then
4&: began rising except for when the fire at node 22 took place. When the water
;'“ level in tank 2 rose to 140 (hydraulic grade line of 990), pump 9 turned off.
. The second table of output is given as Table 28-31. Minimum pressures and

yﬁ, nodes where those pressures occurred are shown. For this system, the minimum
'y pressure occurred at node 32 for each time. The table also displays tank

2 water levels (level of water above the tank node) over the time simulation,

i The plus signs following the hours correspond to the beginning of the hour,
N after the loading factors and any fire flow have been taken into considera-
’_ tion. The minus signs following the hours correspond to the time just before
{j~ the hour, when loading factor changes have not been made. Since tank water
R levels do not change right before and after the hour, they are only shown at
;2:‘ times just before the hour. Note that the low pressure throughout the entire
‘tﬁ simulation occurred at time 11.00-, when the fire flow existed at node 22,

f . After displaying the second table, the computer prompts:
Zai ENTER NUMBER CORRESPONDING TO TIME STEP TO VIEW FLOWS AND PRESSURES FOR
> ENTIRE SYSTEM (ENTER N FOR NO VIEWING, R TO RETRIEVE TABLE)
b '?':
:¢" If the user wishes to view the flows and pressures for the entire system at a
S particular time, he would enter the appropriate number (displayed in the first
:) column of the table), Table 28-32 shows the output when 22 1is entered
:;d (corresponding to the fire flow requirement at node 22 at time 1l hours). The
'\$- balanced system for this time is shown.
o
.:ﬁ 28-43., Example 7. Consider the water system shown in plan view in Fig-
) ure 28-11 and in profile in Figure 28-12. For the purpose of the extended
:“ period simulation, the water users in the system can be represented by five
ﬁju water use areas at nodes 16, 20, 21, 30, and 42, The topography is fairly
MM flat except for the areas around node 42, which is 150 feet higher than the
;Jjé surrounding service areas. The system is supplied from a central pumping sta-
::ya tion equipped with three identical pumps in parallel (links 1, 2, and 3).

L They take water from the clearwell at the water treatment plant where the
- ' water surface level is maintained at 120 feet., The number of pumps running at
! the main pumping station 1is controlled by the water level in the tank at
f~ % node 17, As the water level drops, more pumps automatically come on line.
" ) The area around node 42 1s a separate pressure zone, served by a booster pump-
K) ing station with two identical pumps (links 39 and 40). These are controlled
v by the water level In tank 43, While the service area around node 30 is in
*‘? the lower pressure zone, it can receive water from the higher pressure zone

pack
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Table 28-29. Time Input Data for Example 6

TIME SIMULATION PARAMETERS

SIMULATION DURATION 24.00 HRS

TIME STEP SIZE 1.00 HRS

NUMBER OF TIME STEPS 24

RATIO OF OUTPUTS FROM SIMULATION 1.00

PATTERN
STEP 1
1 1.00
2 1.10
3 1.20
4 1.30
5 1.40
6 1.50
7 1.60
8 1.50
9 1.40
10 1.30
11 1.20
12 1.10
13 1.00
14 0.90
15 0.80
16 0.70
17 0.60
18 0.50
19 0.40
20 0.50
21 0.60
22 0.70
23 0.80
24 0.90
TANK DATA
NODE MAX HT MIN HT AREA INIT HT
FT FT SQFT FT
25 130.0 80.0 2000.0 110.0
2 150.0 100.0 2000.0 120.0
9 CONSTANT HEAD 1E10

(Continued)
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[)
R
ﬁb Table 28-29. (Concluded)
r 02 .
. )
N
SO FIRE EVENT DATA
B
* .\

S NODE START ENDING FLOW

STEP STEP GPM
P 22 10 11 1000.0
v
oY NO LINKS OUT OF SERVICE
: ALL NODES ASSIGNED USE PATTERN 1

'
o PUMP CONTROLS
A
b START END ON OFF INITIAL
N PUMP # STEP STEP NODE # LEVEL LEVEL STATUS
". 9 2 110.00 140.00 OFF
o NODES ASSIGNED FOR OUTPUT

o
'~:: 2
:‘.4 25

10

; 12
‘ ’ LINKS ASSIGNED FOR OUTPUT
J 110

o 24

oA 10
o 9
W
J DETAIL PRINTING OF TIME STEPS: OFF
e

v

s

‘
[~
?"
4.1

L ]

.“—_

',-o

R

e
io!
Ry
._
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Table 28-30. First Table of Time Output for Example 6

TIME
HOURS

0.00
1.00
2.00
2.08
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
10.00
11.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
21.08
22.00
23.00
24,00

NODE NODE NODE NODE
2 25 10 12
FT FT PSI PSI
970. 960. 112. 117.
965, 959. 110. 115,
960, 957. 108. 113.
PUMP 9 : LEVEL. CONTROL, ON
962, 955. 126. 114,
964, 954, 126. 114,
965, 952. 126. 115,
965. 951. 126. 115,
965. 949. 126. 115,
966. 948. 126. 115.
966, 946. 126. 115.
967. 946. 127. 116,
FIRE AT NODE 22 ON
965, 944. 126, 115.
FIRE AT NODE 22 OFF
967, 944, 127. 116.
969. 944, 128. 116.
971, 944. 129. 117,
973. 944, 130. 118,
976, 945. 131. 119.
979, 946. 132, 121,
982, 948. 133. 122,
985. 949. 134, 123,
988, 951. 135. 125,
990, 952. 135. 126.
PUMP 9 : LEVEL. CONTROL, OFF
985. 953. 119. 124,
980. 953. 116. 121,
974, 954, 114. 119,

LINK
110
GPM

TO
12

1264,
1169.
1111.

-527.
-364
-230.
-105,
16.
=55,
-114,
-189,

406.

-359.
-423,
-480.
~543,
-612,
-675.
-736.
-797.
-667,
-546.

1249,
1291.
1327.

LINK
24

GPM
24
TO
25

-236.
-331.
=539,

-343,
=341,
-356.
-381.
=412,
-332,
-257.
-184,

-408,

-59.
6.
78.
145,
210.
274,
337.
399.
363.
323,

199,
91.
=21,

LINK
10

GPM
10
TO
11

1983.
1977.
1974.
1975.
1979,
1974,
1966.
1957

1984

1950.
1934,
1915.
1895,
1873.
1849,
1824.
1797.
1781.
1769.

LINK
GPM

TO
10

1983

1977,
1974,
1975.
1979,
1974.
1966,
1957

1984

1950,
1934,
1915,
1895.
1873.
1850,
1824,
1797,
1781,
1769.
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Table 28-31, Second Table of Time Output for Example 6

SR TANK WATER LEVELS AND MINIMUM PRESSURES
: y OVER DURATION OF TIME SIMULATION
™
:ﬂﬂ . NUMBER TIME MIN.PR. NODE TANK WATER LEVELS
\

D)
\J
:?' 25 2 9
-s 1 0.00+ 108.0 32 110.0 120.0 0.0
" 2 1.00- 106.3 32 109.0 115.0 0.0
K 3 1.00+ 105.6 32
’ 4 2.00- 104.1 32 107.3 110.0 0.0
u 5 2.00+ 103.4 32
' 6 3.00- 105.6 32 105.4 112.1 0.0
ol 7 3.00+ 104 .8 32
e 8 4.00- 105.2 32 103.9 113.7 0.0
‘utt 9 4,00+ 104.3 32

°® 10 5.00- 104.5 32 102.3 1164.8 0.0
e 11 5.00+ 103.6 32
N 12 6.00- 103.6 32 100.7 115.4 0.0
R 13 6 .00+ 102.7 32
- 14 7.00- 102.5 32 98.9 115.5 0.0
O\ 15 7.00+ 103.5 32
’ ’ 16 8.00- 103.5 32 97.5 115.7 0.0
"y 17 8.00+ 104.5 32

L) 18 9.00- 104.6 32 96.4 116.3 0.0
o 19 9.00+ 105.6 32

) 20 10.00- 105.8 32 95.6 117.1 0.0
o 21 10.00+ 100.9 32

D 22 11.00- 100.2 32 94.0 115.5 0.0
T 23 11.00+ 106.9 32
Sy 24 12.00- 107.4 32 93,7 117.0 0.0
if 25 12.00+ 108.2 32

o 26 13.00- 108.9 32 93.7 118.7 0.0
o 27 13.00+ 109.6 32

o 28 14.00- 110.4 32 93.9 120.8 0.0
it 29 14,00+ 111.1 32

w 30 15.00- 112.0 32 94.5 123.1 0.0
) 31 15.00+ 112.6 32

o 32 16.00- 113.6 32 95.3 125.7 0.0
s 33 16.00+ 114.2 32

o. 34 17.00- 115.3 32 96.3 128.5 0.0
‘;’ 35 17.00+ 115.7 32

& 36 18.00- 116.9 32 97.6 131.6 0.0
P 37 18.00+ 117.3 32

oy (Continued)
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Vg

107 Table 28-31. (Concluded)

.a‘s‘
38 19.00- 118.6 32 99,1 135.0 0.0
39 19.00+ 118.3 32
40 20.00- 119.4 32 100.6 137.8 0.0
41 20.00+ 119.0 32
42 21.00- 119.9 32 101.8 140.0 0.0
43 21,00+ 119.4 32
44 22,00~ 115.4 32 102.8 135.4 0.0
45 22,00+ 114,7 32
46 23.00- 112.7 32 103.4 130,0 0.0
47 23.00+ 112,0 32
48 24,00- 109.9 32 103.,5 124,4 0.0

when the pressure drops below 60 pounds per square inch (tank 31 nearly
empty). The water users served at all of the nodes except 30 are domestic and
commercial users whose water consumption rates vary, as shown in Figure 28-13,
The water users at node 30 consist primarily of an industry that operates

24 hours a day and has a much more uniform consumption pattern, also shown in
Figure 28-13, First, simulate the system for a 3-day (72-hour) period using
4-hour time steps, starting at 8 a,m., to observe normal system behavior.
Next, determine what would happen if link 225 between node 20 and 22 was taken
out of service for the 72-hour period. (The results for such a series of runs
are shown beginning on page 28-111,) Note that when link 225 is taken out of
service, the tank at node 21 drains during times of high water use during the
3-day period. The pressure does not drop any lower than 47 pounds per square
inch, which should be acceptable., The results of the simulation for the case
with and without link 225 are shown in Figures 28-~14 and 28-15.

28-106




EM 1110-2-502

v Part 1 of 2
:ﬁ Change 6
W
I..
Sy
E::: Table 28-32. Flows and Pressures at Time 11 hours for Example 6
W, *
N0
ﬁr - PIPE NETWORK ANALYSIS AND OPTIMIZATION
!...
5“ . JOB: EXAMPLE 6
L)
. ! NODE DATA Page 1
[\ -
\ NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
:;? NO. FT. GPM FT. FT. PSI
)
b 2 850.0 -406. 965.5 115.5 50.0 SUPPLY
. 9 800.0 -1984. 800.0 RESERVOIR
:%' 10 710.0 999.7 289.7 125.5
e 11 710.0 180. 978.1 268.1 116.2
R 12 700.0 180. 965.4 265.4 115.0
i 13 695.0 120. 956.9 261.9 113.5
M 21 700.0 180, 951.4 251.4 108.9
0 22 695.0 1240, 944.6 249.6 108.2
" 23 690.0 180. 944.6 254.,6 110.3
e 24 670.0 480, 944.0 274.0 118.7
i~ 25 850.0 -408, 944.0 94.0 40.7 SUPPLY
3 31 700.0 120. 944.8 244.8 106.0
. 32 710.0 120. 941.2 231.2 100.2
:;“'
1$§ PIPE DATA
K
I PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
33 NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
oy 9 9 10 PUMP HEAD 199.7 FT 1984, POWER 100, HP
"gﬁ 10 10 11 18.0 10530.0 100.* 1984, 2.5 21.6
B 11 11 12 14.0 5280.0 100.% 1115. 2.3 12.7
X 12 12 13 10.0 5280.0 100.* 372. 1.5 8.5
RAN 21 21 22 10.0 5280.0 100.* 328. 1.3 6.8
9 22 22 23 12.0 5280.0 100.* 3. 0.0 0.0
& 23 23 24 10.0 8400.0 100.* 72, 0.3 0.7
" 24 25 24 18.0 200.0 100.* 408. 0.5 0.0
- 31 31 32 6.0 5280.0 100.* 61. 0.7 3.6
X 110 2 12 18.0 200.0 100.* 406, 0.5 0.0
ud 111 11 21 10.0 5280.0 100.* 689. 2.8 26.7
~ ' 112 12 22 12.0 5280.0 100, * 972. 2.8 20.8
et 113 13 23 8.0 5280.0 100.* 252. 1.6 12.3
) 121 21 31 8.0 5280.0 100.* 181. 1.2 6.6
‘et 122 22 32 6.0 5280.0 100, * 59, 0.7 3.4
ko
1
fgﬁ
0
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- Figure 28-13., Water consumption patterns for Example 7
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Figure 28-15. Variation of water level, tank 23

WADISO - WATER DISTRIBUTION SYSTEM OPTIMIZATION

VERSION:

MAX NODE NO = 300 NUMBER
MAX PIPE NO = 300 NUMBER

PROGRAM CONTROL :

SIMULATION
OPTIMIZATION

COST DATA

TIME SIMULATION
TERMINATE PROGRAM

1
SIMULATION ROUTINE
SELECT PROGRAM OPTION
TO ENTER NEW JOB
TO RETRIEVE DATA
1

JANUARY 9, 1987

OF NODES = 200
OF PIPES = 200

ENTER 1 PRESS RETURN

es e 4

O LN

ENTER 1 PRESS RETURN

ro

STEADY STATE SIMULATION INPUT
TYPE KEYW FOR LIST OF KEYWORDS

S. KEYWORD IS JOB ENTER

l v o A "0 a o fn s L
R R e et

(KEYWORD) DATA LIST
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JOB EXTENDED PERIOD NETWORK

S. KEYWORD IS PIPE
PIPE 102 1 2 24 10
S. KEYWORD IS PIPE
103 1 3 24 10

S. KEYWORD IS PIPE
106 1 4 24 10

S. KEYWORD IS PIPE
122 12 15 24 10

S. KEYWORD IS PIPE
123 13 15 24 10

S. KEYWORD IS PIPE
124 14 15 24 10

S. KEYWORD IS PIPE
115 15 16 36 2000
S. KEYWORD IS PIPE
117 16 17 24 200
S. KEYWORD IS PIPE
118 16 18 24 2000
S. KEYWORD IS PIPE
119 18 19 24 10

S. KEYWORD IS PIPE
120 18 38 24 10

S. KEYWORD IS PIPE
139 39 41 24 10

S. KEYWORD 1S PIPE
140 40 41 24 10

S. KEYWORD IS PIPE
141 41 42 24 15000
S. KEYWORD IS PIPE
143 42 43 24 200
S. KEYWORD IS PIPE
144 42 44 16 2000
S. KEYWORD IS PIPE

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)
(KEYWORD)

(KEYWORD)

0O
ottt

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST

LIST
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130 16 30 24 20000
S. KEYWORD IS PIPE
134 30 34 16 10000
S. KEYWORD IS PIPE
131 30 31 16 200
S. KEYWORD IS PIPE
229 20 30 16 10000
S. KEYWORD IS PIPE
223 20 23 16 200
S. KEYWORD IS PIPE
221 16 22 24 7000
S. KEYWORD IS PIPE
222 16 21 8 7000
S. KEYWORD IS PIPE
224 21 22 8 200

S. KEYWORD IS PIPE
225 20 22 24 5000
S. KEYWORD IS PIPE
226 20 21 8 5000

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

ENTER

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

(KEYWORD)

DATA LIST

DATA LIST

DATA LIST

DATA LIST

DATA LIST

DATA LIST

DATA LIST

DATA LIST

DATA LIST

S. KEYWORD IS PIPE ENTER (KEYWORD) DATA LIST

PUMP 1 2 12

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

5000 200

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

E

PUMP COEFFICIENTS FOR PUMP

Q*Q

Q

~-0,0002

1. Q IN CFS

CONSTANT

266.7

S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST

PUMP 2 3 13

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

5000 200

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

E

PUMP COEFFICIENTS FOR PUMP 2.

Q*Q
-0.5372

Q

-0.0002

266,.7

Q IN CFS
CONSTANT

28-113
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S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST
PUMP 3 4 14

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

5000 200

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

E
PUMP COEFFICIENTS FOR PUMP 3. Q IN CFS
Q*Q Q CONSTANT
-0.5372 -0,0002 266.7

S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST
PUMP 39 19 39

POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

2000 150

POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

E
PUMP COEFFICIENTS FOR PUMP 39, Q IN CFS

Q*Q Q  CONSTANT
-2.5181 -0.0003 200.0

S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST

PUMP 40 38 40
POINT 1 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

2000 150
POINT 2 ON CHARACTERISTIC CURVE: ENTER DISCHARGE,

E
PUMP COEFFICIENTS FOR PUMP 40. Q IN CFS

Q*Q Q  CONSTANT
-2.5181 -0.0003 200.0
S. KEYWORD IS PUMP ENTER (KEYWORD) DATA LIST
PRV 34 44 34
ENTER PRESSURE SETTING

60.00
S. KEYWORD IS PRV  ENTER (KEYWORD) DATA LIST
COEF 80

S. KEYWORD IS COEF ENTER (KEYWORD) DATA LIST
NODE

FOR NODE I ENTER ELEVATION, OUTPUT
100

FOR NODE 2 ENTER ELEVATION, OUTPUT
100
FOR NODE 3 ENTER ELEVATION, OUTPUT
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) '
o
s 100
Kot
U FOR NODE 4 ENTER ELEVATION, OUTPUT
(.'
-‘"‘.C' ) 100
::\‘ FOR NODE 12 ENTER ELEVATION, OUTPUT
Yo
* - 100
e
l') FOR NODE 13 ENTER ELEVATION, OUTPUT
"
'\-1‘ 100
<\
:ﬁ: FOR NODE 14 ENTER ELEVATION, OUTPUT
-\_ A
xR 100
r FOR NOCDE 15 ENTER ELEVATION, OUTPUT
"'
:;: 100
:.f: FOR NODE 16 ENTER ELEVATION, OUTPUT
"
L) 100 2400
L81]
o FOR NODE 17 ENTER ELEVATION, OUTPUT
> 260
4
-;.“- FOR NODE 18 ENTER ELEVATION, OUTPUT
e 100
-l
( FOR NODE 19 ENTER ELEVATION, OUTPUT
\ 100 :
.\'jj FOR NODE 20 ENTER ELEVATION, OUTPUT “
 } ) l
" 125 1500 i
‘.c ;
3 FOR NODE 21 ENTER ELEVATION, OUTPUT
"o 100 300
'ﬂ_: FOR NODE 22 ENTER ELEVATION, OUTPUT
S
‘" j 100
‘ FOR NODE 23 ENTER ELEVATION, OUTPUT
: § 260
\
,, . FOR NODE 30 ENTER ELEVATION, OUTPUT
w
¢ j 125 600
6.- : FOR NODE 31 ENTER ELEVATION, QUTPUT
7
oo
b 260
;--,. FOR NODE 34 ENTER ELEVATION, OUTPLUT
GG
o 125
¥
0.4 FOR NODE 38 ENTER ELEVATION, OUTPUT
A
‘\';?\
\I'\
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100 4
FOR NODE 39 ENTER ELEVATION, OUTPUT
100 ¥
FOR NODE 40 ENTER ELEVATION, OUTPUT
100 "
FOR NODE 41 ENTER ELEVATION, OUTPUT
100
FOR NODE 42 ENTER ELEVATION, OUTPUT
250 1200
FOR NODE 43 ENTER ELEVATION, OUTPUT
360
FOR NODE 44 ENTER ELEVATION, OUTPUT
125
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
TANK 1 20
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
23 20
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST '
17 20
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST )
31 20
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
43 20
S. KEYWORD IS TANK ENTER (KEYWORD) DATA LIST
END
SELECT PROGRAM OPTION :
BALANCE : ENTER O OR 0OC PRESS RETURN
MODIFY SYSTEM : 1
PRINT INPUT 2 2C
STORE DATA 3
RETRIEVE DATA 4
PRINT OUTPUT : 6 6C
PROGRAM CONTROL : 8
TERMINATE PROGRAM : 9
3
ENTER FILE NAME
AEXTS
28-116

AT AT AT R I N s YO
e v



) ¥ )]
ny o,
"C.“h"h"'o N

'\..'- >
wWerey

EM 1110-2-502

Part 1 of 2
Change 6
SELECT PROGRAM OPTION :
BALANCE : ENTER O OR OC PRESS RETURN
MODIFY SYSTEM 1
PRINT INPUT 2 2C
STORE DATA 3
RETRIEVE DATA 4
PROGRAM CONTROL 8
TERMINATE PROGRAM 9
0c
ACCURACY LIMITS: 2.0 PSI; 10.0 GPM
ESTIMATED MAXIMUM ERRORS:
ITERATION # 1 : 102.3 PSI AT NODE  44; 39388, GPM AT NODE 2
ITERATION # 2 : 83.0 PSI AT NODE  39; 5875. GPM AT NODE 15
ITERATION # 3 : 7.5 PSI AT NODE 44, 2231, GPM AT NODE 15
ITERATION # 4 : 1.0 PSI AT NODE 14; 937. GPM AT NODE 15
ITERATION # 5 : 0.4 PST AT NODE L4 413, GPM AT NODE 15
ITERATION # 6 : 0.2 PST AT NODE 14; 186. GPM AT NODE 15
ITERATION # 7 : 0.1 PSI AT NODE 14; 85. GPM AT NODE 15
ITERATION # 8 : 0.0 PSI AT NODE l4; 39. GPM AT NODE 15
ITERATION # 9 : 0.0 PSI AT NODE 14 18, GPM AT NODE 15
ITERATION # 10 : 0.0 PSI AT NODE 125 8. GPM AT NODE 15
SYSTEM IS BALANCED
PIPE NETWORK ANALYSIS AND OPTIMIZATION
JOB: EXTENDED PERIOD NETWORK
NODE DATA PAGE 1
NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
NO. FT. GPM FT. FT. PST
1 100.0 -17627. 120.0 20.0 8.7 SUPPLY
2 100.0 119.9 19.9 8.6
3 100.0 119.9 19.9 8.6
4 100.0 119.9 19.9 8.6
12 100.0 294.7 194.7 84.4
13 1C0.0 294.7 194.7 84.4
14 100.0 294.7 194.7 84.4
15 100.0 294.7 194.7 84.4
16 100.0 2400. 282.6 182.6 79.1
17 260.0 9164. 280.0 20.0 8.7 SUPPLY
18 100.0 276.7 176.7 76.6
19 100.0 276.7 176.7 76.6
20 125.0 1500. 279.9 154.9 67.1
28-117
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NODE ELEV. OUTPUT E.G.L., PR.HEAD PRESSURE
NO. FT, GPM FT. FT., PS1
21 100.0 — 300, 280, 1 180.1 ~ 78,0
- 22 100.0 280.7 180.7 78.3 .
o 23 260.0 -541, 280.0 20.0 8.7 SUPPLY
~ 30 125.0 600. 280.0 155.0 67.2
oY 31 260.0 95, 280,0 20.0 8.7 SUPPLY 1
: 34 125.0 280.0 155.0 67.2
' 38 100.0 276.7 176.7 76.6
o 39 100.0 424,2 324,2 140.5
. 40 100.0 424,2 324,2 140.5
" 41 100.0 424,2 324.2 140.5
" 42 250.0 1200, 380.3 130.3 56.5
‘ 43 360.0 2900, 380.0 20.0 8.7 SUPPLY
. 44 125.0 380.3 255.3 110.6
)
o
A
o
:J? JOB: EXTENDED PERIOD NETWORK
LN 4
] PIPE DATA PAGE 2
:i PIPE NODES DIAM, LENGTH FLOW VEL. HEAD
- NO. FROM 10 IN, FT. COEF GPM FT/SEC  LOSS
r 1 2 12 PUMP HEAD 174.8 F1 5870.  POWER  259.HP
. 2 3 13 PUMP HEAD 174,8 FT 5870. POWER  259,HP
s 3 4 14 PUMP HEAD 174.8 FT 5870. POWER  259,.HP ]
{ 34 4a 34 PRV AT 60.0 PSI CLOSED
o 39 19 39 PUMP HEAD 147.5  FT 2050.  POWER  76.HP J
b 40 38 40 PUMP HEAD 147.5 FT 2050, POWER 76 HP
'O 102 1 2 24.0 10.0  80,% 5876. 4.2 0.1
W 103 1 3 24.0 10.0  80.* 5876. 4,2 0.1
' 104 1 4 24,0 10.0  80,* 5876. 4.2 0.1
3 115 15 16 36.0 2000.0  80.* 17619, 5.6 12.1
o 117 16 17 24.0 200.0  80.* 9164, 6.5 2.6
- 118 16 18 24,0 2000.0  80,* 4100, 2.9 5.9 ;
: 119 18 19 24.0 10.0  80.,* 2051, 1.5 0.0 !
o 120 18 38 24.0 10,0 80.* 2051, 1.5 0.0 |
X 122 12 15 24,0 10.0  80.* 5876. 4,2 0.1
o 123 13 15 24,0 10.0  80,* 5876, 4.2 0.1
A 124 14 15 24,0 10.0  80.* 5876, 4.2 0.1
. 130 16 30 24,0 20000.0  80,* 762, 0.5 2.6 .
0 131 30 31 16.0 200.0  80,* 95. 0.2 0.0
3 134 30 34 16.0 10000.0  80.* 0. 0.0 0.0
b 139 39 41 24,0 10.0  80,* 2051. 1.5 0.0
.- 140 40 41 24.0 10.0  80,.* 2051, 1.5 0.0
- 141 41 42 24.0 15000.0  80,* 4100, 2.9 43.9
b 143 42 43 24.0 200.0  BO,* 2900, 2.1 0.3
N 144 42 A 16.0 2000.0  80,* 0. 0.0 0.0 ,
» 221 16 22 24,0 7000.0  80.* 1121, 0.8 1.9
222 16 21 8.0 7000.0  80.* 74, 0.5 2.5
o 223 23 20 16.0 200,0  80,* 541, 0.9 0.1
2
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-

- .

o PIPE DATA PAGE 2
g PIPE NODES DIAM, LENGTH FLOW VEL. HEAD
o NO. FROM TO IN. FT. COEF GPM FT/SEC  LOSS
K 224 22 21 8.0 200,0 80,% 246, 1.6 0.7
g}n ¢ 225 22 20 24,0 5000,0 80, * 875. 0.6 0.8
%'. 226 21 20 8.0 5000.0 80.% 20. 0.1 0.2
g - 229 30 20 16.0 10000.0 80,% 67. 0.1 0.1

)

i SELECT PROGRAM OPTION :

e BALANCE : ENTER 0 OR OC PRESS RETURN
R MODIFY SYSTEM : 1
o PRINT INPUT : 2 2C
P STORE DATA : 3
ot RETRIEVE DATA : 4
o PRINT OUTPUT : 6 6C
RO PROGRAM CONTROL : 8
3 § TERMINATE PROGRAM 9
o 8
o PROGRAM CONTROL :
5 W
T -
G0N SIMULATION : ENTER 1 PRESS RETURN
D OPTIMIZATION : 2
P - COST DATA : 3
e TIME SIMULATION : A
e TERMINATE PROGRAM  : 9
S
Al ]
ol 4
v
) TIME SIMULATION MENU
v
@Q SELECT PROGRAM OPTION:
)P v
_ﬁq BEGIN SIMULATION : ENTER 0, PRESS RETURN
v MODIFY,ENTER DATA : 1

° PRINT TIME DATA : 2

: STORE TIME DATA : 3
B RETRIEVE TIME DATA : 4
N PROGRAM CONTROL : 8
S TERMINATE : 9
i ,

.' t
e TIME SIMULATION INPUT
"y TYPE KEYW FOR LIST OF KEYWORDS
ol T. KEYWORD IS (DURA) ENTER (KEYWORD) DATA LIST
! DURA 72
f'“ T. KEYWORD IS (DURA) ENTER (KEYWORD) DATA LIST
‘ﬂ
| %)
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STEP 18 )
TIME STEP SIZE  4.00 HOURS

T. KEYWORD IS (STEP) ENTER (KEYWORD) DATA LIST
PUMP 1 LEFT 17 20 38 A
T. KEYWORD IS (PUMP) ENTER (KEYWORD) DATA LIST
PUMP 2 LEFT 17 10 30

; T. KEYWORD IS (PUMP) ENTER (KEYWORD) DATA LIST

0 PUMP 3 LEFT 17 5 20

1/

W T. KEYWORD IS (PUMP) ENTER (KEYWORD) DATA LIST
Y

" PUMP 39 LEFT 43 25 38

T. KEYWORD IS (PUMP) ENTER (KEYWORD) DATA LIST
PUMP 40 LEFT 43 10 30

R

;: T. KEYWORD IS (PUMP) ENTER (KEYWORD) DATA LIST
W TANK 125 00 20

e T. KEYWORD IS (TANK) ENTER (KEYWORD) DATA LIST

b TANK 17 40 0 30000 30

; T. KEYWORD IS (TANK) ENTER (KEYWORD) DATA LIST

b TANK 23 40 0 3000 20 .
\ T. KEYWORD IS (TANK) ENTER (KEYWORD) DATA LIST

g TANK 31 40 O 3000 20 3
é T. KEYWORD IS (TANK) ENTER (KEYWORD) DATA LIST

" TANK 43 40 0 6000 30

. T. KEYWORD IS (TANK) ENTER (KEYWORD) DATA LIST

4 USAG 2 1 6

° ENTER 6 VALUES

0 1.3 1.4 1.3 .8 .5 .7

T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST

N USAGE 2 7 12

N ENTER 6 VALUES

A 1.3 1.4 1.3 .8 .5 .7

: T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST

e USAGE 2 13 18

; ENTER 6 VALUES

2 1.3 1.4 1.3 .8 .5 .7

5 .
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T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST

USAG 31 6
o ENTER 6 VALUES
A '..
VS 1.1 1.1 1.0 1.0 0.9 0.9
L
?ﬂ T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST
D€ ¢ -
L USAG 3 7 12
'42‘ ENTER 6 VALUES
“go¥
Y 1.1 1.1 1.0 1.0 0.9 0.9
A T. KEYWORD IS (USAG) ENTER (KEYWORD) DATA LIST
s USAG 3 13 18
Ko ENTER 6 VALUES
e 1.1 1.1 1.0 1.0 0.9 0.9
,_Q.
f:h T. KEYWORD 1S (USAG) ENTER (KEYWORD) DATA LIST
fx, SPAT 2 RANG 1 29
1
PR T. KEYWORD IS (SPAT) ENTER (KEYWORD) DATA LIST
@
T, SPAT 2 RANG 31 43
N T. KEYWORD IS (SPAT) ENTER (KEYWORD) DATA LIST
HL} SPAT 3 NODE 30
o
W T. KEYWORD IS (SPAT) ENTER (KEYWORD) DATA LIST
oy PNOD 16 17 20 23 30 42 43
¢! ] '
::ﬂ T. KEYWORD IS (PNOD) ENTER (KEYWORD) DATA LIST
o PLIN 221 229
%S T. KEYWORD IS (PLIN) ENTER (KEYWORD) DATA LIST
e END
,“5 DEFAULT ASSIGNED TO PATTERN 1
.5 TANK 1 IS CONSTANT HEAD TANK
oy RATIO SET TO 1
R
4 TIME SIMULATION MENU
e SELECT PROGRAM OPTION:
RN
o BEGIN SIMULATION  : ENTER O, PRESS RETURN
2 MODIFY,ENTER DATA 1
! PRINT TIME DATA 2
'y STORE TIME DATA 3
o RETRIEVE TIME DATA : 4
P, PROGRAM CONTROL 8
- TERMINATE 9
e 2
S
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S

-

. TIME SIMULATION PARAMETERS
' SIMULATION DURATION 72.00 HRS
e TIME STEP SIZE 4.00 HRS
.;'.;. NUMBER OF TIME STEPS 18
' RATIO OF OUTPUTS FROM SIMULATION 1.00
g
W PATTERN
5 STEP 1 2 3
e 1 1.00 1.30 1.10
A 2 1.10 1.40 1.10
a5 3 1.20 1.30 1.00
vl 4 1.30 0.80 1.00

i 5 1.40 0.50 0.90
o 6 1.50 0.70 0.90
o 7 1.60 1.30 1.10
o4 8 1.50 1.40 1.10
Wl 9 1.40 1.30 1.00

Yol 10 1.30 0.80 1.00

AN 11 1.20 0.50 0.90
AL, 12 1.10 0.70 0.90

L 13 1.00 1.30 1.10

ot 14 0.90 1.40 1.10

a0 15 0.80 1.30 1.00
[ 16 0.70 0.80 1.00

17 0.60 0.50 0.90
18 0.50 0.70 0.90

e

el

heY TANK DATA

[l “

':.. NODE MAX HT  MIN HT AREA INIT HT
') FT FT SQFT FT
; 23 40.0 0.0 3000.0 20.0
K 31 40.0 0.0 3000.0 20.0
e 43 40.0 0.0 6000.0 30.0
" 17 40.0 0.0 30000.0 30.0
.:’,; 1 CONSTANT HEAD 1E10

_ﬁ NO FIRES SPECIFIED

-

A Y

:-_:_\ NO LINKS OUT OF SERVICE

i

oy

%," NODE USAGE

xZ: PATTERN

o 16 2

Al 20 2

?,, 21 2

'Y 30 3

“ 42 2

[) ~4
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. Part | of 2
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o $

L)

:;::: PUMP CONTROLS

1

" START END ON OFF INITIAL
::::' PUMP # STEP STEP NODE # LEVEL LEVEL STATUS
« J 1 17 20.00 38.00 ON
N 2 17 10.00 30.00 ON
W 3 17 5.00 20,00 ON
'h{ 39 43 25,00 38.00 ON
‘},... 40 43 10.00 30.00 ON
¥|.

¢

.:! NODES ASSIGNED FOR PRINT OUT

e 16

i.'

‘:':v 17

o 20

. 23

™ 30

N 42

] 43

4 : LINKS ASSIGNED FOR PRINT OUT

d 221

'r'r

.l:(. 229

;:.!‘o

::’.' DETAIL PRINTING OF TIME STEPS: OFF

Q'.'Q
Ky . TIME SIMULATION MENU

‘; SELECT PROGRAM OPTION:

% "y

‘. BEGIN SIMULATION : ENTER O, PRESS RETURN

K MODIFY,ENTER DATA 1

A PRINT TIME DATA : 2

!) STORE TIME DATA : 3

-;'-::‘ RETRIEVE TIME DATA 4

., PROGRAM CONTROL : 8

iy TERMINATE : 9

‘ v

» S

: 3

ev

e ENTER FILE NAME

- A:EXTT

l_:.'

.— TIME SIMULATION MENU
[\ .

e,

AN

ol

v“l
o

<
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EM 1110-2-502

Part 1 of 2
i ? Change 6
:E SELECT PROGRAM OPTION:
Il
BEGIN SIMULATION : ENTER 0, PRESS RETURN

0 MODIFY,ENTER DATA 1
s PRINT TIME DATA 2
e STORE TIME DATA : 3
o) RETRIEVE TIME DATA 4
) PROGRAM CONTROL 8
) TERMINATE 9
4 )
B 0
.:2 0.00 PUMP 3 : LEVEL CONTROL, OFF
%)
;3“ NODE NODE NODE NODE  NODE NODE  NODE LINK LINK
' TIME 16 17 20 23 30 42 43 221 229
L HOURS PSI FT PSI FT PSI PSI FT GPM GPM
::. .“: 16 20
) TO TO
0'\,‘ 22 30
o V. 0.00 82. 290. 67. 280. 67. 61. 390. 2217. -96.
® 0.00 PUMP 2 : LEVEL CONTROL, OFF

e 0.00 PUMP 40 : LEVEL CONTROL, OFF
Y 4.00 8l1. 287. 68. 281, 69. 63. 395. 1583. -482.
o 7.09 PUMP 39 : LEVEL CONTROL, OFF

Y 8.00 80. 285. 66. 278. 68. 63. 396. 1847. -411,
K 12.00 80. 285. 66. 278. 67. 60. 388. 1823. -355.
‘ 14.06 PUMP 39 : LEVEL CONTROL, ON
3 16.00 80. 285. 68. 282. 68. 60. 389. 1231. -198.
;f& 19.65 PUMP 39 : LEVEL CONTROL, OFF
- 20.00 8l1. 286. 69. 285, 69. 64. 398. 877. 111,
Bl 24.00 82. 289. 69. 285. 69. 62. 393, 1335, -103.
Lo 27.97 PUMP 39 : LEVEL CONTROL, ON

D) 28.00 82. 289, 68. 282, 69. 58. 385. 1783, -363,
A 32.00 81. 286. 67. 280. 68. 60. 390. 1732, -412,
;;« 36.00 80. 284, 66. 278, 68. 63. 394, 1651. -399,
Y 37.94 PUMP 39 : LEVEL CONTROL, OFF

My 40.00 80. 285, 67. 281, 68. 63. 395. 1400. -203.
el 44,00 81. 288. 69. 285. 70. 62. 392. 1172. =241,

48.00 82. 290, 70. 286. 70. 60. 388. 1330, -142,

2} 49.31 PUMP 39 : LEVEL CONTROL, ON

K. 52.00 82. 289, 68. 283. 70. 60. 389. 1645, -400.
‘ 56.00 80. 286, 67. 279. 68, 62. 393. 1816. -452,
X 4 60.00 80. 284, 66. 278. 68. 64. 398. 1652. -401.
4N 60.23 PUMP 39: LEVEL CONTROL, OFF

. 64.00 80. 285, 68. 282. 68. 62. 393. 1271, 191

g 68.00 82. 288, 70. 287. 69. 61. 390. 880. 306.
:ﬁi 72.00 83. 291. 70. 288. 70. 59. 385. 1188. 187.
roe
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TANK WATER LEVELS AND MINIMUM PRESSURES

OVER DURATION OF TIME SIMULATION

NUMBER

[Nelie - N e NV R R

TIME

0.00+
4.00-
4,00+
8.00-
8.00+
12.00-
12.00+
16.00-
16 .00+
20.00-
20.00+
24,00~
24,00+
28.00-
28.00+
32.00-
32.00+
36.00-
36.00+
40.00-
40.00+
44 .00~
44,00+
48.00-
48.00+
52.00-
52.00+
56.00-
56.00+
60.00-
60.00+
64,00~
64,00+
68.00-
68.00+
72.00-~

MIN.PR.

. o

00 Oo 0o Co 00 00 00 0o Qo OO 00 00 OO 00 00 00 0o OO OO 00 Qo 0o OO 00 OO 0o 00 Q0 (O 00 CoO OO0 Co OO OO OO
a » @ e & e o a = - e e e *® & e & & 8 e ¢ 8 e e & & 2+ e s =5 v
[« 20« e 0N Jie \NEe (N« NN« \e ANe Ao 0N .00 A0« W« e Mo Ns N« K« e 0 Wo W e Ne Wo Mo W« o e N'e Nie W'« e Ne )

NODE

NRRNNPONRNNNPNNNNNRODNNNONRNNNNNRDNDNRNDNNNONRNONDNODNODNODNDNODNNRNDNDNDRNRN DD W

TANK WATER LEVELS

23 31
20.0 20.0
21.3 25.4
17.9 20.9
18.1 20.4
22.0 22.7
24,7 24.5
25.0 25.2
22.2 24.6
19.8 22.8
18.2 21.0
20.6 21.4
24.6 25.9
26.3 26.7
22.8 25.6
19.0 22.6
18.0 20.8
22.1 21.2
26.8 24.9
27.7 26.9

EM 1110-2-502

Part 1 of 2
Change 6

43 17
30.0 30.0
35.1 26.5
36.0 24.8
27.6 24.9
29.0 25.3
37.8 26,2
33.2 28.8
24.9 29.0
29.6 26.1
34.4 23.9
35.4 24.8
32.2 27.6
27.6 30.1
28.6 28.5
33.1 25.9
37.6 23,7
33.2 25.4
30.0 28.3
25.5 30.7

ENTER NUMBER CORRESPONDING TO TIME STEP TO VIEW FLOWS AND PRESSURES FOR

ENTIRE SYSTEM (ENTER N FOR NO VIEWING, R TO RETRIEVE TABLE)

N

TIME SIMULATION MENU
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EM 1110-2-502
Part 1 of 2
Change 6

SELECT PROGRAM OPTION:

BEGIN SIMULATION
MODIFY,ENTER DATA
PRINT TIME DATA
STORE TIME DATA
RETRIEVE TIME DATA
PROGRAM CONTROL
TERMINATE

1

TIME SIMULATION INPUT

AT ENEITEN ETT RS B VW W B A WY LW RS e e e e o o -

: ENTER O, PRESS RETURN

O 00 £ WK -

TYPE KEYW FOR LIST OF KEYWORDS

T. KEYWORD IS (DURA) ENTER (KEYWORD) DATA LIST

EXCL 225

T. KEYWORD IS (EXCL) ENTER (KEYWORD) DATA LIST

END

TIME SIMULATION MENU

SELECT PROGRAM OPTION:

BEGIN SIMULATION

MODIFY,ENTER DATA 1
PRINT TIME DATA 2
STORE TIME DATA 3
RETRIEVE TIME DATA 4
PROGRAM CONTROL 8
TERMINATE 9
0
0.00 PUMP 3 : LEVEL CONTROL, OFF
NODE NODE NODE NODE NODE NODE
TIME 16 17 20 23 30 42
HOURS PSI FT PSI FT PSI PSI
0.00 82. 290. 67. 280. 67. 6l.
0.00 PUMP 2 : LEVEL CONTROL, OFF
0.00 PUMP 40 : LEVEL CONTROL, OFF
4.00 82, 288, 62. 268, 68. 63.
7.01 PUMP 39 : LEVEL CONTROL, OFF
7.40 TANK 23 : DISCONNECTED EMPTY
28-126

ENTER O, PRESS RETURN

LINK

221

CPM

16
T0
22
480.

550.

LINK
229
GPM

A
<

T0
30
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vy Part 1 of 2
Nl Change 6
\.l'
i :.‘.
,’5 8.00 81. 287. 48. 260, 66. 63, 396, 722, -1682,
. 12.00 81. 287. 49, 260. 64 . 59. 387. 694, =-1536,
i 13.14 TANK 23 : CONNECTED
> 13.88 PUMP 39 : LEVEL CONTROL, ON
AT 16.00 81. 288, 59. 261, 65. 60. 389, 468, -997,
.- 19.41 PUMP 39 : LEVEL CONTROL, OFF
b 20.00 82, 288, 61. 266. 66. 64, 398, 369. -874,
o 24.00 83, 291, 62. 267. 67. 62. 393, 425, -920,
" 27.87 PUMP 39 : LEVEL CONTROL, ON
Py 28.00 83. 291, 58, 260, 67. 59, 385, 610, -1148,
ey 28,04 TANK 23 : DISCONNECTED EMPTY
™ 32.00 82. 289, 47, 260, 64. 61, 390. 740, -1663,
;TI 36.00 81, 286, 49, 260. 63. 63. 395, 691. ~1539,
o 37.59 TANK 23 : CONNECTED
. 37.59 PUMP 39 : LEVEL CONTROL, OFF
./ 40.00 81, 287, 59, 260, 65. 63. 395, 466, -969,
- 44,00 82. 290, 61. 266, 66. 61. 392, 377. -867.
. 48.00 83, 292, 61, 267. 68. 59, 387. 432, -964,
- 49.05 PUMP 39 : LEVEL CONTROL, ON
ph s 52.00 82, 290. 58, 260. 67. 60. 389, 605, -1165.
@ 52.08 TANK 23 : DISCONNECTED EMPTY
,-ﬁ 56.00 81. 288, 47, 260, 64. 62, 394, 740, -1662,
k-2 59.66 PUMP 39 : LEVEL CONTROL, OFF
o 60.00 80, 286, 48, 260, 63. 64, 397. 692, -1537,
s 64 .00 81. 287. 59. 260, 65. 62, 392, 457. -910.
1. 7. 64,00 TANK 23 : CONNECTED
{ ) 68.00 83, 290. 61. 266. 66. 60. 389. 381, -894,
- 71.51 PUMP 39 : LEVEL CONTROL, ON
2 72.00 83. 292. 62. 267. 68. 59, 386, 431, -956.,
i,

TANK WATER LEVELS AND MINIMUM PRESSURES

;)‘ OVER DURATION OF TIME SIMULATION

Y

_l; NUMBER TIME MIN.PR, NODE TANK WATER LEVELS

N

S 23 31 43 17

aY
o 1 0.00+ 8.6 3 20,0 20.0 30.0 30.0

o 2 4,00- 8.6 2 7.8 21.2 35,0 28.3

- 3 4 .00+ 8.6 y)
[~ 4 §.00- 8.6 2 0.0 17.1 35,8 27.0

- 5 8,00+ 8.6 2

N 6 12,00~ 8.6 2 0.0 12.1 27.4 27.5
@ 7 12.00+ 8.6 2
o 8 16.00- 8.6 2 0.5 15.9 29.5 27.8 |
K - 9 16.00+ 8.6 2

rr 10 20.00- 8.6 2 5.9 18.0 37.5 28.4 |
" 11 20,00+ 8.6 2
"t 12 24,00- 8.6 2 7.0 20.3 33.0 30.8

P 13 24,00+ 8.6 2

o
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ey
Egj' 14 28,00~ 8.6 2 0.0 19.9 25.1 31.3
e 15 28,00+ 8.6 2
'~ 16 32.00- 8.6 2 0.0 13.0 30.0 28.5
17 32.00+ 8.6 2 ]
o 18 36.00- 8.6 2 0.0 11.3 35.0 26.0
19 36.00+ 8.6 2
> 20 40,00- 8.6 2 0.1 14,7 34.9 26.9 ‘
o 21 40,00+ 8.6 2
Ly 22 44,00~ 8.6 2 5.7 17.6 31.7 29.7
¥y 23 44,00+ 8.6 2
N 24 48,00~ 8.6 2 6.8 21.3 27.2 31.9
i 25 48,00+ 8.6 2
s 26 52,00~ 8.6 2 0.1 20.5 29.1 30.4
ey 27 52,00+ 8.6 2
N 28 56.00- 8.6 2 0.0 12.3 33.7 27.9
™ 29 56 .00+ 8.6 2
o 30 60,00~ 8.6 2 0.0 10.7 37.3 25.6
- 31 60.00+ 8.6 2
o 32 64,00~ 8.6 2 0.0 15,2 32.2 27.4
) 33 64 .00+ 8.6 2
@ 34 68.00- 8.6 2 5.5 18.1 28.9 30.2
"2 35 68.00+ 8.6 2
. 36 72.00- 8.6 2 7.1 21.3 26.1 32.0
.'4
_‘;- ENTER NUMBER CORRESPONDING TO TIME STEP TO VIEW FLOWS AND PRESSURES
. A FOR ENTIRE SYSTEM (ENTER N FOR NO VIEWING, R TO RETRIEVE TABLE)
x“:, 18
".E’ OUTPUT FOR TIME 36:00 HOURS
@
» LOADINGS
! PATTERN LOADING FACTOR
2D 2 1.3
W 3 1.0
5
& FLOWS AND PRESSURES
)
’ PIPE NETWORK ANALYSIS AND OPTIMIZATION
:‘ ,, JOB: EXTENDED PERIOD NETWORK
W™
f- NODE DATA PAGE 1 !
: > NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
- NO., FT. GPM FT, FT. PSI 4
1 100.0 -6088. 120.0 20.0 8.7 SUPPLY
o 2 100.0 119.9 19.9 8.6
3 100.0 120.0 20.0 8.7
g 4 100.0 120.0 20.0 8.7
. 12 100.0 287.6 187.6 81.3
- 13 100.0 287.5 187.5 81.2

A 28-128
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Change 6
NODE DATA PAGE 1
NODE ELEV. OUTPUT E.G.L. PR.HEAD PRESSURE
NO. FT. GPM FT. FT. PSI
14 100.0 287.5 187.5 81.2
15 100.0 287.5 187.5 81.2
16 100.0 3120. 285.8 185.8 80.5
17 260.0 -2160. 286.0 26.0 11.3 SUPPLY
18 100.0 283.6 183.6 79.6
19 100.0 283.6 183.6 79.6
20 125.0 1950. 237.0 112.0 48.5
21 100.0 390, 280.5 180.5 78.2
22 100.0 285.1 185.1 80.2
23 260.0 0. 260.0 RESERVOIR
30 125.0 600. 271.3 146.3 63.4
31 260.0 -211. 271.3 11.3 4.9 SUPPLY
34 125.0 271.3 146.3 63.4
38 100.0 283.6 183.6 79.6
39 100.0 411.4 311.4 134.9
40 100.0 411.4 311.4 134.9
41 100.0 411.4 311.4 134.9
42 250.0 1560. 395.0 145.0 62.8
43 360.0 846. 395.0 35.0 15.2 SUPPLY
44 125.0 395.0 270.0 117.0
JOB:  EXTENDED PERIOD NETWORK
PIPE DATA PAGE 2
PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
1 2 12 PUMP HEAD 167.6 FT 6094. POWER 258 .HP
2 3 13 PUMP HEAD 167.5 FT 0. POWER 0.HP
3 4 14 PUMP HEAD 167.5 FT 0. POWER 0.HP
34 b4 34 PRV AT 60.0 PSI CLOSED
39 19 39 PUMP HEAD 127.7 FT 2404.  POWER 78 .HP
40 38 40 PUMP HEAD 127.7 FT 0. POWER 0.HP
102 1 2 24.0 10.0 80.% 6088. 4.3 0.1
103 3 1 24,0 10.0 80.% 0. 0.0 0.0
104 4 1 24,0 10.0 80.*% 0. 0.0 0.0
115 15 16 36.0 2000.0 80.% 6088. 1.9 1.7
117 17 16 24,0 200.0 80.*% 2160. 1.5 0.2
118 16 18 24.0 2000.0 80.% 2402, 1.7 2.2
119 18 19 24.0 10.0 80.% 24602, 1.7 0.0
120 18 38 24.0 10.0 80.* 0. 0.0 0.0
122 12 15 24.0 10.0 80.*% 6088 . 4.3 0.1
123 13 15 24.0 10.0 80.%* 0. 0.0 0.0
124 14 15 24.0 10.0 80.*% 0. 0.0 0.0
130 16 30 24.0 20000.0 80. % 1929, 1.4 14.5
131 31 30 16.0 200.0 80.* 211. 0.3 0.0
134 30 34 16.0 10000.0 80, * 0. 0.0 0.0
4 139 39 41 24.0 10.0 80.%* 2402. 1.7 0.0
“?
0
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PIPE NODES DIAM. LENGTH FLOW VEL. HEAD
NO. FROM TO IN. FT. COEF GPM FT/SEC LOSS
140 40 41 24.0 10.0 80.% 0. 0.0 0.0
141 41 42 24.0 15000.0 80.% 2402, 1.7 16.3
143 42 43 24.0 200.0 80.% 846, 0.6 0.0
144 42 44 16.0 2000.0 80.*% 0. 0.0 0.0
221 16 22 24.0 7000.0 80.* 691. 0.5 0.8
222 16 21 8.0 7000.0 80.% 110. 0.7 5.3
223 23 20 16.0 200.0 80.* Q 0.0 23.0
224 22 21 8.0 200.0 80.% 691. 4.k 4.6
225 22 20 24.0 5000.0 80.% 0 0.0 0.0
226 21 20 8.0 5000.0 80.% 411, 2.6 43.5
229 30 20 16.0 10000.0 80.* 1538, 2.5 34.3
(
e ENTER NUMBER CORRESPONDING TO TIME STEP TO VIEW FLOWS AND PRESSURES FOR ENTIRE
- SYSTEM (ENTER N FOR NO VIEWING, R TO RETRIEVE TABLE)
s N
.\":_-.
NN TIME SIMULATION MENU
[
‘juf SELECT PROGRAM OPTION:
b BEGIN SIMULATION : ENTER 0, PRESS RETURN
0 MODIFY,ENTER DATA : 1
2 PRINT TIME DATA 2
( STORE TIME DATA 3
> RETRIEVE TIME DATA 4
o PROGRAM CONTROL 8
A TERMINATE 9
Ko,
i’ 9
o)
g
b
4 e
4 ~;. '
o
:.:::
-
~,
o
v
o
. .;:
'~':.-
>
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2
b8 Section 7. Error Messages in the WADISO Program

28-44, Messages., This section gives messages that the program displays when

‘..'—",

,; an error is detected. A description of each message is provided telling the
'ia: user what to do.
1
ﬂf: Message Description
v ) ALLOCATED MEMORY CAPACITY MNL, the second subscript on the Nl and N2
o EXCEEDED. TRY INCREASING MNL IN arrays, must be increased due the size of
1) ALL THE PARAMETER STATEMENTS, system. Renumbering the system so that the
o CR RENUMBERING THE SYSTEM. ranges of link and node numbers are
' relatively close together may also solve
R the problem. See Documentation (Part 2)
( for additional information.
:fg ALLOCATED MEMORY CAPACITY Due to the size of the system, PNL, the
}: EXCEEDED. TRY INCREASING PNL subscript on all link and node arrays, will
;q IN THE PARAMETER STATEMENTS. need to be increased. See Documenta-
'}& tion (Part 2) for additional information.
) BEGIN AND END OF RANGE NEEDED, The user did not enter the beginning and
Y ENTRY IGNORED, ending nodes when specifying which nodes
N are to be assigned to a usage pattern
b using the RANGE option with the SPATIAL
‘. keyword. Two values are required after
a3 RANGE.
(,* BEGINNING MUST BE LESS THAN The user entered a beginning node for the
hAY END, range of nodes assigned to a usage pattern
.?:: that exceeds the ending node number
:iu: entered. User must reenter the line, with
Ay the first number after RANGE lower than the
%) second number.
P BEGINNING OR ENDING NODE A check valve was entered for a link, but
o DOES NOT MATCH THIS PIPE. the beginning or ending node did not match
- the link. Recheck the link to make sure
- beginning and ending ncdes are right or
= that link has been entered.
:n BEGINNING TIME MUST BE LESS The user has specified a range of time
. THAN ENDING. steps for which loading factors are to
ey be entered., However, the third value on
'%;' the line is less than the second so that
N the program cannot prompt the user for
.ﬁ entries, Reenter line with second value
.;ﬁ less than third.
A}
w
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Messgge
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Description

CANNOT RETRIEVE SYSTEM, TOO MANY

LINKS. TO RETRIEVE, INCREASE LNL
IN SOURCE CODE TO MAXIMUM NUMBER

OF LINKS xxxXx.

CANNOT RETRIEVE SYSTEM, TOO MANY

NODES. TO RETRIEVE, INCREASE LNL
IN SOURCE CODE TO MAXIMUM NUMBER

OF NODES xxxx.

CHARACTERISTIC CURVE IS
CONCAVE UP,

CHECK FOR PORTIONS OF SYSTEM
DISCONNECTED FROM A TANK.

CORRECT FORMAT FOR KEYWORD
(keyword) IS:

DATA FOR NODE xx WAS NOT
YET ENTERED.

DEFAULT ASSIGNED TO PATTERN 1.

- )

Program attempted to retrieve a file con-
taining system data, but the file was
stored under a different LNL (the maximum
number of links permitted) value than the
current value. The program can store data
for only LNL links and nodes. To retrieve
file, increase LNL in the parameter state-
ments in the source code to xxxx and
recompile the program.

Program attempted to retrieve a file con-
taining system data, but the file was
stored under a different LNL (the maximum
number of links permitted) value than the
current value. The program can store data
for only LNL links and nodes. To retrieve
file, increase LNL in the parameter state-
ments in the source code to xxxx and recom-
pile the program,

The coefficient of the quadratic term in
the pump characteristic curve is positive.
Reenter heads and discharges on the
characteristic curve, or use a single point
followed by an "E."

The program could not balance the system
during an extended period simulation.

Since the program was able to balance the
system in the steady-state simulation, sev-
eral tanks may be disconnected, pumps
turned off, or pipes closed, preventing the
program from balancing the system. Check
the time simulation output for this time.

This message is displayed whenever user
enters a keyword followed by no numerical
values. The correct format for the key-
word is displayed. Only the keyword

NODE can be entered without numerical
data.

User must specify at least an elevation
for each node. Water input or a tank
water level may also be specified.

The user did not assign any loading factors
to water uses at nodes. The program will
assign default factors to pattern l. This
is an information message.
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DISCHARGES ARE Tuer (LSt
TOGETHER.

DIVISION BY ZERQ WHILE S 1VING

THE LINEARIZED EQUATI¢INS.,  hreuk

AROUND NODE xx FOR PUSSIRIE
ERRORS.

ELEMENT yy WAS PREVIOUSLY
ENTERED FROM xxl TO xx..
NEW DATA RETAINED.

ELEVATION MUST BE GREATER THAN
OR EQUAL TO ZERO.

END OF EXCLUDING AT TIME xx
WITH PIPE yyyy IS LATER THAN
DURATION zz HOURS.

END OF FIRE AT TIME xx AT
NODE yyyy IS LATER THAN THE
NUMBER OF STEPS zz.

END OF PUMPING AT TIME xx WITH
PUMP yyyy 1S LATER THAN DURATION
zz HOURS.

ENDING TIME OF EXCLUDING IS
EARLIER THAN BEGINNING TIME
FOR PIPE yyyy.

ENDING TIME OF PUMPING IS
EARLIER THAN BEGINNING TIME
FOR PUMP yvvy.
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EM 1110-2-502
Part | of 2
Change 6

Description

~lenr entering the discharges for the
pump characteristic curve, points on the
urve ueed to he spread out,

The svstem c¢ould not be balanced. Check
©.-des 4and links around the node given.

ink element vv was already entered from
node xxl to node xx2. The old data will be
replaced bv the new data.

A negative elevation for a node was
entered. Reenter the nonde elevation with

a value greater than or equal to zero using
keyword ELEV,

The time when a pipe reopens is later than
the duration. This is a warning message.
Note that xx is given in units of hours,
not time steps.

The time step at which a fire is to end is
greater than the total number of time
steps. This is a warning message. The
user should remember that the beginning of
the fire and duration of fire are given in
units of time steps, not hours.

The time when pumping is to end is greater
than the duration. This is a warning
message., Note that the beginning of pump-
ing and duration of pumping are given

in units of hours, not time steps.

The time when a pipe closes is later than
when it opens. Reenter the open and close
times for pipe yyyy with the closing time
earlier than the opening time. Note that
all pipes are assumed open at the beginning
of the simulation unless the first closing
time is 0 hours. Note also that time is in
hours, not time steps.

The time when a pump turns off is earlier
than when it turns on. Reenter the on and
off times for pump yyyy with the on time
earlier than the off time. Note that time
is in units of hours, not time steps.
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Part 1 of 2
Change 6

Messg;g

Description

ERROR IN INPUT.

EVERY ON TIME MUST HAVE AN OFF
TIME. ENTRIES IGNORED.

FIVE FIRES ALREADY DEFINED/

DELETE ONE BEFORE ADDING ANOTHER.

FOUR ENTRIES REQUIRED FOR FIRE
NODE, START, DURATION AND FLOW.

xxxx HAS NOT BEEN ASSIGNED FOR
PRINTING OR IS NOT A LINK,

xxxx HAS NOT BEEN ASSIGNED FOR
PRINTING OR IS NOT A NODE,

xxxxXx HAS NOT BEEN DEFINED AS
NODE. ENTRY IGNORED.

HAZEN-WILLTAMS COEFFICIENT IS
TOO SMALL.

ILLEGAL GROUP #,

"R SR R R N LR Wy ; . (TS N
e A e R e L A v

An error was made on the format for a
keyword. Check the user's guide for a
complete listing of keywords and their for-
mats or type "KEYW" to receive a list of
keywords, and then type the keyword to
receive the correct format for the keyword.

When entering on and off times to control a
pump, an on time did not have an off time.

Renter the data, being sure to follow each

on time by an off time,.

Program can store data for only five fire
nodes. Consider combining two fire nodes
into one.

User did not enter four numeric values on
FIRE line. Reenter line with correct
number of values.

User attempted to delete printing of flows
through link xxxx during the extended
period simulation. The link was never
assigned for printing or xxxx is not a
link. Recheck the link numbering in the
system,

User attempted to delete printing of pres-
sures (or tank water levels) at node xxxx
during the extended period simulation. The
node was never assigned for printing or
xxxx is not a node. Recheck the node num-
bering in the system.

Extended period simulation data for a tank
at node xxxx has been entered but node xxxx
does not exist. Enter that node in the
steady-state simulation data (by making it
the end node for a pipe or pump) before
entering tank specifications with TANK
keyword.,

The Hazen-Williams coefficient must be
greater than zero. Increase the coeffi-
cient using the keyword COEF,

Only group numbers from O through 15
inclusive are allowed. Adjust the group
number so that it falls within this range.
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iﬁ . Message Description

J ILLEGAL KEYWORD. An invalid keyword was entered. Check the

user's guide for a complete listing of key-
- words and their format or type "KEYW" to

N receive a list of valid keywords. Type the
> keyword followed by no numerical data to
‘e receive the correct format,
i‘1 ILLEGAL LOAD PATTERN #, Only five loading patterns (from | through
Y 5 inclusive) may be specified.
i\ ~'
‘t ILLEGAL PIPE #, This pipe does not exist in the system at

present, Recheck the list of links
"W entered.

ILLEGAL PRICE FCT. #. Only price functions ranging from 0 through

- the number of price functions entered are
i allowed. Adjust the price function so that
ey it falls within the range.
t
Ay ILLEGAL SECOND KEYWORD. An invalid second keyword was entered.

® Check the user's guide for correct format.
+
!

INITIAL LEVEL xx MUST BE
L BETWEEN UPPER yy AND LOWER
X zz LIMITS.

User has specified an initial water level
that is outside the acceptable range of

water levels, User must reenter initial

7 water levels.,
{ ‘ ) INSUFFICIENT DATA FOR KEYWORD, The required number of numeric values
o following the keyword was not entered.
qa: The correct format(s) for the keyword is
bp. displayed following the message. Follow
f'! this format,

s
%3' INVALID RESPONSE TO MENU. The only numeric values recognized by the
: extended period simulation main menu are
::;:. 0, 1, 2, 3, 4, 8 and 9.
DAY
:ﬂ?g xxxx IS A TANK ENTRY IGNORED. Node xxxx has been entered as a tank in
QQf the steady-state simulation data., Fires
T can be specified only at nontank nodes.
e Assign fire to such a node. Similarly,
S this node cannot be assigned to a water
l’:' use pattern.
;i:_ xxxx IS INVALID KEYWORD. ENTRY User has entered an invalid keyword.
¥ IGNORED, Check the manual or type "KEYW" to receive
.“ A a list of valid keywords,
'S xxxx IS NOT A LINK, ENTRY User attempted to exclude link xxxx from
j}: IGNORED, the system, but the link has not been
0 defined in steady-state simulation. Other
I values on this line are not ignored.
b
’-«
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: EM 1110-2-502
ﬁ Part 1 of 2
ﬁ*{' Change 6
by
PF:' Message Description
3 u xxxx IS NOT A PUMP. ENTRY Data for pump xxxx were entered, but link
! IGNORED., xxxXx is not a pump in the steady-state
, simulation, Enter data describing link
X XXXX as a pump in the steady-state simula~-
X " tion input,
oy xxxx IS NOT A TANK. ENTRY Data for a tank at node xxxx have been
Jaj IGNORED, entered, but node xxxx has not been
L ? declared a tank in the corresponding
WA steady-state simulation. Enter data
-{:< describing node xxxx as a tank in steady-
Poople state simulation input.
[ AN
L4 LINK NUMBER TOO LARGE, A i1ink number exceeding the maximum link
o number was entered. Link number should be
Jﬁ decreased, if possible, or the parameter,
ey PNL, in the program, may be increased. See
hf‘ Documentation (Part 2) for additional
!“‘ information.
A LINK yy IS NOT A NOT A PIPE, Link yy is either a pump or PRV and is
ijv LINK IS IGNORED. ignored for optimizing purposes.
‘oY
D]i MAXIMUM SIZES ARE INSUFFICIENT The minimum pressure in pattern X is less
féj IN PATTERN X. than the pressure tolerance,
a9
'* MORE DATA ENTERED THAN REQUIRED More numeric values than were needed fol-
J— FOR KEYWORD (keyword). lowed the keyword. Check the user's guide
h;h‘ for the correct format(s) and reenter
f:.: data for the keyword.
gfs MUST BE 2 OR 3 ENTRIES FOR User must specify the usage pattern being
ﬁﬁﬁ USAGE. ENTRY IGNORED, entered and either the time step or range
i) of time steps for which values are being
ANy entered, The user will be prompted for the
=\¢Q actual loading factors on the following
;gj\ lines.
313 MUST SPECIFY NODE, UPPER The user did not enter the correct number
! AND LOWER LEVELS, AREA, AND of numeric values following the keyword
., OPTIONALLY, INITIAL ELEVATION, TANK. Reenter the line with either four or
szh five values to specify the tank for an
49 extended period simulation or one value,
g.“ the node number, to delete tank
sza specifications,
. NO GROUPS ASSIGNED ! The user attempted to optimize a system but
s has not yet assigned any groups. Select
e "MODIFY OPT. DATA" from the optimization
T menu and assign links to groups.
7
&)
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EM 1110-2-502
Part 1 of 2
Change 6

Description

NO LINK WITH THIS NUMBER, OR

LINK IS NOT A PUMP.

NO LOADING ASSIGNED !

NO PIPE # yy.

NO PRV OR CHECK VALVE CAN BE
EXCLUDED.

NO SIZE FOR CLEANING IN COST
TABLE.

NO SIZE IN COST TABLE.

NO SIZES ASSIGNED TO GROUP yy.

NO SUCH NODE NUMBER.

OO0 0 ()
Wbl et !

An attempt was made to include a link as a
pump in determining the energy cost while
optimizing. However, the link either does
not exist or is not a pump. Recheck the
system,

The user attempted to optimize a system but
has not yet assigned any loading patterns
to the system., Select '"MODIFY OPT. DATA"
from the optimization menu and assign
loading patterns to the system.

The user attempted to include pipe yy in

a group for optimization, but pipe yy is
not in the system. Even if a pipe is not
part of the existing system, it needs to be
included in the system with some arbitrary
diameter in the simulation portion of the
program.,

The user attempted to exclude a pressure
reducing valve or check valve from an
extended period simulation. Only pipe
links may be excluded. To work around
this, exclude short pipe links on either
side of the PRV or check valve.

A size for cleaning was specified which is
not contained in the cost table. Add it to
the cost table using keyword SIZE after

selecting '"MODIFY DATA" from the cost menu.

A size was specified for a new pipe, but
this size does not exist in the cost table.
All sizes must be included in the cost data
file. Add the cost for that size to the
cost table with the keyword SIZE after
selecting '"MODIFY DATA" from the cost

menu.

The user attempted to optimize a system
but did not assign sizes to pipes in
group yy. Select "MODIFY OPT. DATA" from
the optimization menu and assign sizes to

group vy.

A node number which is not part of the
system followed a keyword. Recheck the
node numbering in the system. Node
must be indicated on PIPE or PUMP card
before node data are entered.
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g g Change 6
004
;iﬁ Message Description

NODE #, ON LEVEL, AND OFF LEVEL
MUST FOLLOW SECOND KEYWORD.

NODE xxxx HAS NO PIPE LEADING
TO IT. NODE IS IGNORED.

NODE xxxx IS A SUPPLY POINT.

NODE xxxx IS NOT AN OUTPUT
POINT.

NODE xxxx NOT ASSIGNED TO USE
PATTERN. USE PATTERN 1 WILL BE
USED.

NODE xxxx NOT ASSIGNED TO USE
PATTERN. USE PATTERN 1 WILL BE
USED.

NODE NUMBER TOO LARGE.

User has entered keyword pump in the
extended period simulation input followed
either by the second keyword LEFT, or
LEPSI. A node number controlling the pump,
and off and on levels in feet or pounds per
square inch, must follow the second key-
word. Reenter the keywords with correct
format.

Node xxxx 1s not connected with the system
and will be deleted. Check the system
for a possible numbering error.

Node xxxx has a fixed head. For
optimization purposes, this node will not
be compared with a minimum allowable
pressure,

While using keyword RATIO, node xxxx was
included in the range but has no output,
so no output can be multiplied by the
factor; however, other nodes in the range
will still be multiplied by the factor.

The user did not assign node xxxx to a use
pattern. This is a warning message to
indicate that node xxxx is being assigned
to the default loading pattern 1. If this
is acceptable to the user, no response is
required. If this is the wrong loading,
the user should change it with a SPATIAL
entry assigning the node to another use
pattern.

The user did not assign node xxxx to a use
pattern. This is a warning message to
indicate that node xxxx 1s being assigned
to the default loading pattern 1. 1If this
is acceptable to the user, no response is
required. If this is the wrong loading,
the user should change it with a SPATIAL
entry assigning the node to another use
pattern,

A node number exceeding the maximum node
number was entered. If possible, node
number should be decreased. 1f not, the
parameter PNL in the program may be
increased. See Documentation (Part 2) for
further details on when array dimensions
need to be increased.

28-138




P s d
uuﬁxshi

Y
-

(2
l".l L“L{‘.’L{

X

N e

-~ -

-
-

-'._-‘.: ® ‘.)

T

v
o A

Hy Yy ,'-
CAA

”

1

ARG g

)
,
L

N
XX\ 4

.":’

NS,

L) o ™ o m s Y
0 \ R 5 A b
‘l'l‘.h'.’ N o0) 0" .!.',‘.- s v, -' ‘ o Ok I

Message

Witw "Vl tTe T TwYTw W

EM 1110-2-502
Part 1 of 2
Change 6

Description

xxx NOT DEFINED AS NODE.

xxxx NOT RECOGNIZED. ENTRY
IGNORED.

NUMBER OF STEPS MUST BE AT
LEAST ONE.

OFF AND ON TANK LEVELS OF TANK
xxxx CONTROLLING PUMP yyyy ARE
NOT CONSISTENT WITH UPPER AND
LOWER TANK LEVELS.

ON LEVEL HIGHER THAN OFF LEVEL.

ONLY 1 VALUE CAN BE SPECIFIED
WITH RATIO. ENTRY IGNORED.

ONLY 10 ENTRIES CAN BE PRINTED.

DELETE ONE BEFORE ADDING ANOTHER.

TR AT "'ﬂ- '\:‘»“;'\{\""R}

o 7§ 1 ,‘-. R

Co T

) %7
X p

User attempted to assign node xxxx to a
water use pattern, but the node is not part
of the system. Check the node number. If
it is valid, the user must return to
steady-state simulation data input and
enter a pipe or pump connected to this
node.

The user has entered an invalid keyword.

He should consult the user's guide or enter
KEYWORD to receive a list of correct
keywords.

User attempted entering a number less than
] with keyword STEPS. The number of time
steps must be an integer greater than or
equal to 1. Reenter the keyword STEPS
followed by a valid entry.

User has entered a tank water level con-
trolling a pump that is greater than the
maximum water level of the tank or smaller
than the minimum water level of the tank.
Reenter either the tank water levels con-
trolling the pump or the maximum and mini-
mum tank water levels.

The user has specified either a tank water
level or a pressure that turns on the pump
which is greater than the tank water level
or pressure that turns off the pump.
Reenter the levels, specifying an on level
that is smaller than the off level.

The RATIO entry corrects all of the water
uses by multiplying them by a constant.
It cannot be applied to individual nodes.
To change individual nodes, consider
setting up a new usage pattern with the
USAGE entry.

User attempted to display data for more
than 10 nodes and links, but the program
can only store up to 10 nodes and links.
Either delete one of the existing nodes
or links from being printed or run the
extended period simulation again with
different nodes and links assigned for
printing on each run.
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Message

Description

PIPE DIAMETER MUST BE GREATER
THAN ZERO.

PIPE LENGTH RANGE IS FROM O to
1000000 FEET.

PIPE yy DOES NOT HAVE A PARALLEL
PIPE. CLEANING CANNOT BE
SPECIFIED.

POSITIVE SHUTOFF HEAD REQUIRED.

PRESSURE SETTING MUST BE GREATER
THAN ZERO.

PRIOR TO OPTIMIZING, THIS SYSTEM
MUST BE BALANCED.,

PRIOR TO RUNNING AN EXTENDED
PERIOD SIMULATION, THE SYSTEM
MUST BE BALANCED.

PRIOR TO RUNNING AN EXTENDED
PERIOD SIMULATION, TIME DATA
MUST BE ENTERED.

Only positive pipe dlameters are allowed.

Pipe length must be greater than zero and
less than 1,000,000 feet. Adjust the
length using keyword LENG so that it falls
within this range. If pipe length was
entered using keyword PIPE, all other data
associated with this keyword must be
reentered.

For cleaning purposes, all pipes in a group
to be considered for cleaning must have
pipes with different link numbers but the
same beginning and ending nodes. The
parallel pipes will be considered for
cleaning and not sizing.

A pump characteristic curve was entered
resulting in a negative shutoff head.

Enter new heads and discharges, or use a
single set of values followed by an "E."

Only positive pressure settings are
allowed. Reenter in keyword PRV. When the
prompt for pressure setting is displayed,
enter a positive value,

Before optimizing, the system must be bal-
anced with the simulation routine. If it
1s not balanced, the computer will auto-
matically balance the system and display
output.

The system must be balanced with the
steady-state simulation routine before
beginning the time simulation. 1If it is
not balanced, the computer will automati-
cally balance the system before beginning
the time simulation.

The time simulation data must be entered
before running the simulation. Select
"MODIFY, ENTER DATA" option from the menu
and input the time data.
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Change 6

Description

PROGRAM CANNOT ACCESS THIS FILE.

PUMP CANNOT DELIVER DISCHARGE.

PUMP CANNOT DELIVER HEAD.

PUMPS WITH UNSPECIFIED
CHARACTERISTIC CURVES.

PUMP yyyy ALREADY HAS 7 ON/OFF
TIMES DEFINED,

RATIO SET TO 1.

R L U I TP o e )
e e e S e L S
UL LS TN Y At Y R

When retrieving data, the file cannot be
accessed because it either does not exist
under the specified name or it is not a
local file (if using the Cyber). Recheck
the name of the file, and, if using the
Cyber, be sure that it 1is a local file by
using the CDC command GET, filename. This
message is also displayed when storing data
on the IBM PC and no more space exists on
the diskette. If storing on a diskette,
replace the diskette with one containing
sufficient memory and try storing the data
again.

This warning message is displayed during
balancing when a negative head difference
is present and when the iteration counter
is greater than 2. The head difference is
adjusted to 5 percent of the pump head at
a flow of zero. Pump is trying to deliver
flow to the right of point at which head
is zero. This message and following can
occur when there is no constant head node
upstream of pump. The head difference is
set to a value between 80 percent and

100 percent of the pump head at a flow of
zero, depending on the iteration.

When the head difference is greater than
the pump head at a flow of zero and the
iteration counter is larger than 2, this
warning message is displayed. Pump is
trying to deliver head greater than highest
point on head characteristic curve.

Pumps were sized while optimizing, and the
user needs to assign new characteristic
curves to them.

The user attempted assigning more than
seven pairs of off and on times to a pump.
The program can only store up to seven
pairs of off and on times.

User did not enter a RATIO. Program will
use the water use rates specified in the
steady-state simulation input without any
correction (i.e., RATIO = 1). This 1is an
information message.
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EM 1110-2-502
Part 1 of 2
Change 6

Message

Description

REPEAT OF DISCHARGE.

SECOND KEYWORD MUST BE LEFT,
LEPSI, OR TIME.

SECOND KEYWORD MUST BE NODE
OR RANGE.

SECOND KEYWORD MUST BE ON OR
OFF.

SECOND KEYWORD NEEDED.

START OF EXCLUDING AT TIME xx
WITH PIPE yyyy IS LATER THAN
DURATION xx HOURS.

START OF FIRE AT TIME xx AT
NODE yyyy IS LATER THAN NUMBER
OF TIME STEPS zz.

TINPCIs - - N

START OVER.

B AT T P T e B N ( )
.0.09‘, )‘ .0.“:’"0. » 4% ‘ o‘. AN e 0‘! T D o {a Lartatic &

At least two of the discharges entered for
the pump characteristic curve were equal.
Reenter discharges and heads using three
different discharges, or use a single point
followed on next line by "E."

User has entered the keyword PUMP in the
extended period simulation input to assign
pump controls, However, the user did not
indicate whether the pump is to be
controlled by tank water level (LEFT), rode
pressure (LEPSI), or time step (TIME),.
Reenter the line with the keyword LEFT,
LEPSI, or TIME.

User has entered the keyword SPATIAL to
assign nodes to water use patterns, but the
second keyword on the SPATIAL entry is not
one of the valid entries of RANGE or NODES,
Reenter the line with the keywords RANGE or
NODES following the water use pattern
number.

User entered the keyword BEGIN to initially
turn pumps on or off, but the second key-
word on the BEGIN entry is not one of the
valid entries of ON or OFF. Reenter the
line with the keywords ON or OFF following
the pump number.

User has entered the keyword SPATIAL to
assign nodes to water use patterns. How-
ever, the user did not indicate whether a
RANGE of nodes is specified or individual
NODES are listed. User must specify RANGE
or NODES after entering the use pattern
number,

The user has specified that a pipe is to
close at time xx, which occurs after the
end of the extended period simulation.
User can either close the pipe at an
earlier time or increase the duration.
Note that xx is in units of hours, not
time steps.

The user has specified that a fire is to
begin at time step xx, which occurs after
the end of the extended period simulation.
User can either start the fire at an
earlier time step or increase the number

of time steps. Note that xx is in units of
time steps, not hours,
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Part ! of 2
Change 6

Description

START OF PUMPING AT TIME xx WITH
PUMP yyyy IS LATER THAN DURATION
zz HOURS.

SYSTEM DATA FOR STEADY STATE
SIMULATION MUST BE ENTERED PRIOR
TO THE TIME SIMULATION.

SYSTEM NOT BALANCED AT TIME
STEP zzzz.

TANK AT NODE xxxx MUST HAVE
LIMITS AND AREA.

TANK HEIGHT MUST BE GREATER
THAN ZERO.

TANK xxxx IS A CONSTANT
HEAD TANK.

THE FOLLOWING COMBINATION FAILED
BECAUSE OF PUMP zz.

THIS LINK IS NOT A PIPE.

THIS PIPE WAS NOT ENTERED.

AR

" p e
A

The user has specified that a pump is to
begin pumping at time xx, which occurs
after the end of the extended period simu-
lation. User can either start the pump
running at an earlier time or increase

the duration. Note that xx is in units of
hours, not time steps.

A time simulation cannot be run without
first entering a system counsisting of
links, nodes, and supply points. Return to
the steady-state simulation routine and
enter the system data.

When running an extended period time simu-
lation, the computer was unable to balance
the system at time step zzzz. Flows and
pressures at the time step are immediately
displayed following the message.

The system contains a tank at node xxxx,
but the user did not specify the upper and
lower water levels for the tank or the
cross-sectional area of the tank., The user
must enter these values or delete the tank
from the steady-state simulation input,
Extended period simulation will not run
unless tanks have been properly specified.

Only positive tank water levels are
allowed. Enter keyword TANK followed by
the node number and positive water
elevation.

The user specified zero as the cross-
sectional area of the tank. The program is
warning the user that it is assigning a
very large area (1E10) to the tank so that
the water level in the tank will not
fluctuate from its initial level.

While optimizing, this combination failed
due to pump link zz. Inspect the pump
curve,

This link was entered as a pump or PRV,
Recheck the system.

Do not attempt to enter DIAM, LENG, or COEF
until link has been entered on a PIPE or
LINE card.
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Message

Description

TOO MANY LINKS. INCREASE PNL
IN SOURCE CODE TO MAXIMUM LINK
NUMBER xxxXx.

TOO MANY NODES. INCREASE PNL
IN SOURCE CODE TO MAXIMUM NODE
NUMBER xXxx.

TOO MANY VALUES PER LINE.

TWO ENTRIES REQUIRED WITH "TIME,"
NOT xxxx.

UPPER LIMIT xx FT OF TANK
XXXX MUST BE LARGER THAN
LOWER LIMIT yy FT.

USAGE PATTERN MUST BE BETWEEN
1 and 5.

USE PATTERN MUST BE BETWEEN
1 and 5.

USE PUMP KEYWORD TO EXCLUDE
PUMP yyyy.

Program retrieved a file containing system
data, but the file was stored under a dif-
ferent PNL value than the current PNL
value. The program can only store up to
PNL links and PNL nodes. To perform any
operation on this system, increase PNL to
xXxXX in the parameter statements in the
source code and recompile the program.

Program retrieved a file containing system
data, but the file was stored under a dif-
ferent PNL value than the current PNL
value., The program can only store up to
PNL links and PNL nodes. To perform any
operation on this system, increase PNL to
xxXX in the parameter statements in the
source code and recompile the program.

The user has indicated that more than

15 numeric values for loading factors will
be specified on the following line. The
program will accept only 15 at a time.
Break the loading factors into lines with
less than 15 values per line, Several
USAGE entries will be required.

When using the second keyword TIME along
with keyword PUMP in the extended period
simulation, specify only the starting time
step of pump running and the duration of
pump running.

User has a tank bottom elevation lower than
the top water level, User must correct
this entry before running extended period
simulation.

The program can store only five usage
patterns, numbered 1 through 5. User has
specified value outside that range.

User attempted to assign a node to a use
that was outside the range of | to 5.
Nodes can only be assigned to use pat-
terns | through 5.

User attempted to exclude pump yvyy for a
period of time from an extended period
simulation using keyword EXCL. Keyword
EXCL is only for pipes. Use keyword PUMP
for pumps.

28-144

“ -

“n

\.v

" AT
» "




RNETIVFETEI I RANMNERE IS TR RIEFARTRIFARARTTRTIRT R RARA -W-T

EM 1110-2-502

Part 1 of 2
Change 6
Message Description
VALUE MUST BE IN COLUMN 1. In responding to the main extended period

simulation menu, the numeric value must
begin in column 1. There must be no blanks
or other characters before the numeric
value.

xxxx VALUES USED. The program prompted the user for a spe-
cific number of values for loading factors
based on the data on the USAGE line. The
user did not enter exactly that number of
values. This indicates that xxxx values
were accepted.

WARNING: CONVERGENCE DURING Heads and discharges for a pump were
BALANCING MAY BE A PROBLEM entered resulting in a curve that can have
DUE TO SHAPE OF CHARACTERISTIC two discharge values for one head.

CURVE. Although this is a valid curve, mathemati-
cally it may present some problems during
balancing. If the system will not con-
verge, change this pump curve.

xxxx WAS ENTERED AS A SUPPLY Node xxxx was previously defined as a

POINT. NEW DATA RETAINED. supply point, but it will be changed to an
input or output node.

xXxX WAS ENTERED WITH OUTPUT/ Node xxxx was previously defined as a node

INPUT. NEW DATA RETAINED. having input or output., 1t is now defined
as a constant head node.

xxXxXxx WAS NOT DEFINED AS NODE. User specified a fire at node xxxx, but

ENTRY IGNORED, node xxxx is not connected to the system

through a link (i.e., is not attached to
pipe or pump). Correct the node number or
enter a pipe or pump in the steady-state
simulation connected to this node.

xXxxX WAS NOT ORIGINALLY User attempted to reinsert a pipe into the

EXCLUDED. system which he had not previously removed.
Other links described in this entry are
reinserted.

YOU HAVE NO SUPPLY POINT. At least one constant head node must be

included in the system. Use the keyword
TANK to enter water level at constant
head nodes.

YOU MUST CHANGE PUMP. A new characteristic pump curve that will
deliver the required head and discharge
must be entered for this pump, or this
loading cannot be modeled.
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\ Message Description
ZERO ENTRIES IN LOADING xxxX. The program found a time step in loading

(usage) pattern xxxx which contains zero

as an entry. This is simply a warning that
the user may have forgotteun to specify
values for every time step for that load- 4
ing. 1t is possible, however, that the
user wishes to have zero flow for a given
time step. In that case, this warning
should be ignored.

15 PIPES ALREADY EXCLUDED. Program can store exclude data for only
ENTRY IGNORED. 15 pipes for an extended period simulation.
20 PUMPS ALREADY DEFINED. ENTRY Only 20 pumps may be assigned controls for
IGNORED. an extended period simulation.

20 TANKS ALREADY DEFINED. ENTRY Program can store data for only 20 tanks
IGNORED. for extended period simulation.

If more than 20 tanks exist in the system,
some must be deleted. A procedure for
doing this is to combine two tanks that are
close to one another into one node.

x
's

A
e ]

-3"'
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APPENDIX B
RUNNING THE WADISO PROGRAM ON CDC CYBERNET

B-1. Introduction. To run the WADISO program, the user must call the program
from storage and start the program. This procedure varies from one computer
to another, so it is not included in the user's guide. The procedure for the
CDC Cybernet System is described below. Before the description of how to run
the program on CDC, there is a short introduction on CDC computer file termi-
nology and a description of the logon procedure.

B-2., Overview. After illustrating how to run the program for simple cases,
subsequent paragraphs describe how to direct program cutput to a file, how to
run the program in batch mode, and how to list, edit, and recompile the source
program. Those familiar with the CDC Cybernet system can skip the sections on
file terminology and logon-logoff procedure.

B-3., Flle Terminology. Before using the water distribution program, the user
needs to understand the terminology for describing files., These terms are
described below.

B-4, Program, Data, Output, and Batch Files. Several types of files are
assoclated with the WADISO program. The files include the executable program;

. the program source listing; system data stored in the form of internal,
interim, and external data files; output from previous program runs; and batch
job files. Each type of file is described below.

a. Program Files. Program files are either executable or source. The
WADISO program that is run by the user is an executable program file; the
FORTRAN source listing, SWADISO, is a text program file. Executable files
cannot be listed or modified by the user; however, text files can be examined
and modified by the user with an editor.

b. External Data Files, This type of data file supplies respcnses to
the nrogram prompts and is used instead of entering data interactively. Any-
thing that a user would enter interactively (e.g., keywords, data, menu
responses, and internal data file names) is contained in the file. All
prompts must be anticipated when creating an external data file. These files
may be created with the CDC Cybernet editor, XEDIT, or uploaded from a micro-
computer, An example involving a program run using an external data file is
given in paragraph B-12, These files are needed when attempting to run WADISO
as a batch job,

c. Internal Data Files. These files contain data that were entered by
the user interactively or with an external data file., WADISO creates an
internal data file when the user selects any of the STORE DATA options from
the program menus., Internal data files are stored under a user-selected file
name as formatted, sequential-access files opened on device 1. Four internal
data files may be used. These may contain simulation, cost, optimization,
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3 and extended period simulation data. These files may be viewed with an

B editor. A description of the formats and contents of the files is given in
.:f: the program documentation (Part 2). Paragraphs B-8 through B-11 discuss

N interactive runs using internal data files.

f* L. d. Interim Data Files. Unlike internal data files, interim data files
b?, may contain simulation data from a partially entered system. They are used
S when a user cannot enter a complete system in one session., WADISO creates an
SRS interim data file when the keyword CREA is entered after the simulation key-
'}:3 word prompt is displayed. If a file name follows the keyword prompt, partial
*\j link and node data are stored under this file name; otherwise, data will be
v stored under the name SYSDA. Interim data files are formatted, sequential-
‘. access files and can be viewed by the user with an editor. Format and con-
:} 2 tents of the files are described in the documentation.

o "\.':\

E@ e, Output Data Files. These files contain output from a previous pro-
::’: gram run, Output data files enable the user to view a selective portion of

5 the output with an editor. The user may also print a specific portion of the
, output. See paragraphs B-13 through B-15 on directing output to a file, exam-
::9} ining output with an editor, and directing output to a RJE printer,

:ﬁ: f. Batch Job Files. These files contain system commands that tell the
A computer what to do. Typically, batch files contain the sequence of commands
o to run an external data file with an executable program file and can save the
a user a considerable amount of money. An example involving a batch job file is
3 given in paragraphs B-16 and B-17,

[ § ...:

: ) B-5. Permanent Versus Local. Files on the CDC Cybernet System can also be
:Q& classified as permanent or local. Permanent files exist on disk at the site

of the computer. In order to use these files, the user must make them local
by issuing a GET command (e.g., GET,WADISO). Local files are lost when the
) user logs off the system. To save these files for future use, the user 1ssues
)QF‘ a SAVE or REPLACE command (e.g., REPLACE,MYFILE)., The SAVE command can be

~ used only if a permanent file with that name does not already exist.

>
~ B-6. Interactive Run., While the above sounds fairly complicated, for the
.f simplest case, the user need only know that the binary program file is called
- WADISO and is a permanent file on account CECELB. To run the program, the
,sj user need only enter
A
;:% /GET,WAD1S0/UN=CECELB

/WADISO

Rag

Iy

Of course, the user must have already logged onto the system, That procedure
is explained below., (In the following sections, the slash mark at the start
of each line represents the CDC System prompt. The user's responses are
underlined.)
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B-7. Logon/Logoff. For access to the Cybernet System, the user must obtain
the telephone number from either the Cybernet sales representative for his
area or the local Corps ADP coordinator. Once the user has dialed the
Cvbernet telephone number and the terminal is connected to the system, he
receives the message

83/09/26/ 15.34.,54,AA2451A

EASTERN CYBERNET CENTER SN487 NOS 1.4/531/.281/17AD
FAMILY: KOE

USER NAME:

to which he enters his assigned account number., For example, the user may
enter

USER NAME: CEQQXX

lle then receives the message

FASSWORD:

to which he enters his assigned password. For example, the user may enter
. PASSWORD: PASSWD

He then receives the message

TERMINAL: 510, NAMIAF
RECOVER/CHARGE: CHARGE, ,

to which he enters his assigned charge number and project name. For example
the user may enter

(4

” .fllf'.

CHARGE ,CHRGNO,Z222Z

‘f
-'.

He then receives the message

. >

g
2A v

$CHARGE ,CHRGNO,Z222Z/ /07.02.22./

N
f: The system responds with a slash mark, which indicates that the user is in the
3t batch subsystem. Two question marks (??) indicate that the user is in the
at edit mode, and a single question mark (?) indicates that the user is in the
"‘L input mode. If the user should make a mistake while logging on and the system
ue prompts "APPLICATION:", the user should enter "IAF" for interactive facility.
:lii To logoff the system, the user types BYE in response to a / prompt. The com-
~?$: puter responds by printing out some accounting information for the session
.:-;. before dropping the phone line.
9.
-
o

v
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B-8. Interactive Runs - No Existing Data File. The simplest way to run the
WADISO program consists of the user making WADISO a local file using the GET
command and then starting the program using the command WADISO.

/GET ,WADISO/UN=CECELB
/WADISO

The first question asked by the program is

PROGRAM CONTROL:

SIMULATION : ENTER 1 PRESS RETURN
OPTIMIZATION : 2
COST DATA 3
TIME SIMULATION 4
TERMINATE PROGRAM 9

To enter a new system, the user must enter the simulation routine by answering
with "1." The next prompt is

SELECT PROGRAM OPTION:
TO ENTER NEW SYSTEM: ENTER 1 PRESS RETURN
TO RETRIEVE DATA: 2

In this case, the user must answer "!." The "2" response can only be issued .
if the user has a local, binary data file created during a previous run. To
use the program as described above, the user must enter all the system data
each time the program is run. This would quickly get tiring. The user can, -
however, store the data in a local, internal, data file by typing "3" in
response to the simulation menu as described in the user's guide. The user is
then asked to give a name to this file.

B-9. Saving File Created During Run. Suppose the user calls it "MYFILE."
MYFILE is a local, internal data file and, because it is local, will be lost
when the user logs off the system. To make the file permanent, the user must
issue a SAVE or REPLACE command before logging off the computer. For example,

/SAVE ,MYFILE

If the file MYFILE 1is already permanent, the command must be REPLACE instead
of SAVE. The user can also save MYFILE under a different file name (say
DATAl) by entering

/SAVE ,MYFILE=DATAl

Once the file is saved, the user can logoff or rerun the program. If the user
wishes to rerun the program using the data just entered, he need only enter

/WADISO

O s LR I .
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In response to the "SELECT PROGRAM OPTION" question, he should answer "2."

- .,A

;' The program will then ask for the local data file name, to which the user

4 should respond

s
k< MYFILE
1,94
"? While only one file is required to store data for simulations, three files are
:|i. needed to store all of the data for optimization. The first contains the sim-
q&; ulation data needed to describe the system, the second contains cost data, and
Wy the third contains information on which pipes are to be optimized. Suppose
b. the user creates these three files, called SIMDAT (Simulation Data), COSDAT
;" (Cost Data), and OPTDAT (Optimization Data). These files can be made perma-
} nent after a run using the command

e )
a4

Ry /SAVE, SIMDAT , COSDAT , OPTDAT

¢
‘ﬁt: or
)
L @ /SAVE , SIMDAT
K> /SAVE, COSDAT

;: /SAVE ,OPTDAT

N

o B-10. Interactive Runs - Existing Internal Data File. It is seldom possible
M to complete a pipe network analysis in one session at the computer.
{ Eventually, the user must logoff the computer., When the user logs on again,
'*: he would like to begin where he left off and not have to reenter all of the
'j\ ) data. This is possible, if before logging off the previous session he made
s his internal, local data file into a permanent file (call it MYFILE for this
:)% example). To run WADISO in this instance, the user must make the executable
t:; program file and internal data file local.
L. /GET,WADISO/UN=CECELB
- /GET ,MYFILE
o /WADISO

o If this is to be an optimization run and the user has three optimization

.1 files, he would enter
Jiﬁ /GET, SIMDAT, COSDAT, OPTDAT
¥ instead of /GET,MYFILE.
48 To the question 'SELECT PROGRAM OPTION," the user would answer "2'" and would
o then supply the internal data file name "MYFILE."

o

'

J

"~ B-11. Replacing Existing Data Files. If the user wishes to save changes made
n\: to the data, during this run and subsequent runs, he must issue a STORE DATA
::: (i.e., "3") in response to the main menu which makes changes to the local

;~ file, and must replace the local file using
" ;
Y
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/REPLACE,MYFILE

which makes the local, internal data file permanent., If the user wishes to
save the data in MYFILE as originally created and save any changes in another
file (say MYFILE2), the user would enter

/REPLACE ,MYFILE=MYFILE2

In this case, there will be two permanent, internal data files: MYFILE con-
taining the original data and MYFILE2 containing the updated data,

B-12. 1Interactive Runs - External Data File, Some users, especially those
familiar with the CDC Cvbernet Editor, may prefer to build data files using
the editor and not bother with internal data files. (The CDC Cybernet Editor
is called XEDIT.) This has some advantages in that the user can modify and
list data without using the program, merge files to build large nefworks from
small ones, and use the data files for batch runs later, The primary dis-
advantage is that the user must learn how to use the editor, Suppose the user
wants to build a external data file (called TDATA) using the editor to run
example problem 1 in the user's guide. The file, listed below, contains all
of the information the user would enter in response to prompts during an
interactive run, (Another disadvantage to using external data files is that
the user must be able to anticipate all of the menus and prompts provided by
the program.)

1 For first menu (Program Centres). Simulation Data
1 New Data
EXAMPLE 1 Job Card
101 2 3 12 2000

102 3 6 10 1500

111 12 13 12 5000

112 12 15 8 1500

114 15 16 8 1500

123 34 35 8 1500 Pipe Data
124 35 36 8 1500

11 3 13 8 1800

13 6 16 10 1000

31 13 33 8 10C0

32 25 35 8 1000

33 26 36 8 1000

PRV 22 15 25

60

23 16 26 PRV Data
60

122 33 34

60
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i PUMP 110 11 12
i 600 143 Pump Data
}: .- 1000 130
. 1400 111
YOl
e NODE
O) 950
o 910
‘?Q 905 50
SO 950
S
o0 970
o 920
( 890 80
X 890 75
o\ 890 Node Data
N 890
y 870 50
5 870
) 870 75
o 850 1500
- 11 0
e 2 100
‘j;ﬁ END
{ ) Q Run Simulation
] 9 Stop Program
o
l%ﬂ Values like 1, 0, and 9 are responses to various menus. When file TDATA is
' created, it will be local. The user may want to make it permanent with a

{©}

/SAVE,TDATA command. To run the program, the user need only enter

o GET, WADISO and start the program.
NN 2o WAL oY
Y
N /GET,WADISO/UN=CECELB
-3 /WADTS0, TDATA
AN . ‘
o I1f TDATA was not already local, the user would first need to make it local
O using
l:..
v
e /GET, TDATA
R e
\J
ﬂ~$ The printout will contain all of the prompts and menus issued bv the program.
0. : If the user receives an "END~OF-FILE" error message when attempting to start
:22 WADISO, he should REWIND,TDATA and rerun the program. If data are entered out
- of order, it is possible for the program to become stuck on a given menu. The
‘Q}; user must correct the error before running the program.
%
.
o

1 "P.{P.-"-'.‘.N’\K\':\:s"\"-"x'\'-—. RASKLES ~. ~
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B-13. Directing Output to a File. The user may not want to view all of the
output from an run when an external data file is used, or he may wish to save
output to a file (say TOUT). To do this the user enters

/GET,WADISO/UN=CECELB
/GET,TDATA
/WADISO,TDATA, TOUT

The program will respond with a message indicating how many CP seconds were
used to run the program. The user can now make TOUT permanent if he wishes by
entering

/SAVE, TOUT
He can list TOUT in its entirety by entering

/REWIND, TOUT
/LIST,F=TOUT

B-14. Examining Output with Editor. The user can use the editor to look at
certain lines of output, or to skip all prompts and menus and print only the
hydraulic output. To skip the menus the user enters

/XEDIT, TOUT
EDIT MODE
?77L/ACCUR/

ACCURACY LIMITS 10 GPM; 2 PSI
?? *

(Output will appear here)

B-15. Directing Output to RJE Printer. The output file can also be directed
to a remote job entry (RJE) terminal printer by entering

/REWIND, TOUT
/ROUTE,TOUT,DC=PR,UN=account

where account is the user's account number.

B-16. Running Program Remote Batch - Existing External Data File. When the
user is learning to use the program, entering data for a study, or analyzing a
small system, the user can make the most of the program by running it interac-
tively. For large networks, however, once the data files have been debugged,
the user can save a considerable amount of money by running the program batch.
To run the program batch, the user sets up a batch job file and submits it to
the computer. The speed with which the computer works on the batch job
depends on the priority assigned to the job by the user and the computer's
workload. If the job has a priority of 5, it will be processed almost immedi-
ately after it is submitted at a cost roughly one half of interactive process-
ing. If it is submitted with a priority of 2, it will usually be processed

B-8
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overnight at one twentieth the cost of interactive processing. The savings
using batch job processing can be quite significant. A typical batch job file
(called BATCH) is shown below.

P o o
0

XEDIT,BATCH
Edit Mode
?7(Hit Return)
Input

2/JOB
TEXAMPLE,PS.
?/USER
?/CHARGE

9 \
%ggg:;gﬁ%i?' Getting Files

7WADISO,TDATA,TOUT. Running Program

?REPLACE, TOUT.
?DAYFILE,DAYF. Saving Output and Dayfile
?REPLACE,DAYF.

7EXIT.

?DAYFILE,DAYF. Saving Output and Dayfile if Error
?REPLACE,DAYF.

?REPLACE,TOUT.

?/EOR

?(Hit return)

?77END,BATCH, SAVE

The JOB, USER, and CHARGE statements indicate that the batch job is to be
charged to the same account as the user logged onto the svstem. The "“EXAM-
PLE,P5" card assigns the job a name and a priority (5). If P2 was used, the
job would have a priority of 2. The next several commands are similar to
those for running WADISO from an external data file. TDATA and TOUT were
described earlier. The DAYFILE commands save some job accounting information
and system error messages.

B-17. Submitting Batch Job. To submit the batch job, the user enters

/SUBMIT, BATCH

The batch job commands do not need to be in the file called BATCH. Any file
name can be assigned to that file (e.g., SUBMIT,BFILE). When the user submits
the job, the computer will respond with a job number (e.g., ACF2JGG). The
user can check on the status of the job using the "ENQUIRE" command and the
last three digits of the job number. For example,

/ENQUIRE, JN=JGG

B-9
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I1f the system responds "JOB NOT FOUND,'" the job is complete. The user can
u then GET the output file and, if needed, the dayfile by entering

/GET,TOUT,DAYF

The user can look at these files using the LIST command or the editor, as
L described earlier.

7 B-18. Deleting Files. Since output files are fairly large, permanent files
- and hence costly to store, they should be deleted after they have been listed.
}; This can te done using the PURGE command as
{ /PURGE, TOUT
151

&: B-19. Listing Source Version, OQccasionally, a user may want to obtain a

xi listing of the text scurce file of the program. This file is called SWADISO
& and is stored under ancther account number, The user generally does not have
DY permission to access this file. To obtain READ ONLY access, the user should
' call the program developers (601-634-3931), They will give the user access to
?{ the program and tell the user the account number under which it is stored.

?} The user can then make the file local by entering
4N
;1 /GET,SWADISO/UN=account

o L
{ where account is the account number under which the program is stored. The
P user can then save PIPNET under his account by entering

/SAVE, SWADISO

The user can use the editor to examine or modifyv the program or list the
entire program by entering

‘j: /LIST,F=SWADTSO
4
(L%
:” B-20. Compiling the Program. Users are discouraged from modifying the pro-
- gram. However, if they need to modify the program, they must edit their own
: copy of the text program file (SWADISO or some other name if they have changed
E{ the program name), recompile the program (i.e., make a new, executable program
;:- file), and save that file, To recompile the file, the user must make the
< text program file local and invoke the FORTRAN V compiler.
\
..I
J"f /GET,PIPNET
v /FINS,I=PIPNET,L=LIST,B=progname
::: This command creates a local binary program file called whatever name is used
- for "progname" (sav WADISO2)., The user can then make this version permanent )
- on his own account by entering
»
3 /SAVE,WADISOZ .
o B-10
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To use this version of the program, the user enters

’
.0

At

/GET ,WADIS02

- 3
e
©

P

instead of

-

/GET,WADISO/UN=CECELB

as described in earlier sections. The file LIST (see FTN5 command above) is a
local text file that contains a listing of the program plus compiler diagnos-
tic messages. If the user only wants to see error messages, he should
substitute L=0 for L=LIST in the FTN5 statement. If there are errors in the
compilation and the user wishes to try again, he should rewind all files
before reissuing the FTN5 command. For example,

/REWIND,PIPNET,LIST,WADISO2

B-21. Recovering a Lost Connection. During a run of the program, the termi-
nal may be accidentally disconnected from the system, or a system malfunction
may require that the login process be restarted, or the terminal may be logged
off by the system after 10 minutes of inactivity. The user then has 20 min-
utes to recover the connection by restarting the login process and following
the sequence to the point where the system requests

RECOVER/CHARGE:
The user now enters
RECOVER/CHARGE: RECOVER,xxx

where xxx is the terminal number being used when the broken connection
occurred. In the example logon shown earlier, the terminal number is 510.
This number may be found in the initial login sequence immediately before the
request for USER ID in the form TERMINAL: xxx, NAMIAF or by executing ENQUIRE,
The system should then respond

RECOVERY COMPLETE
LAST COMMAND - command
NEXT OPERATION

The user should then hit a carriage return and proceed from the point where
the broken connection occurred. If an error message is received, the user has
either allowed the 20-minute recovery period to elapse or has used an incor-
rect terminal number. He should then check the number and repeat the process.
Sometimes recovery is not possible.
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APPENDIX C
RUNNING THE WADISO PROGRAM ON THE IBM PC

C-1, 1Introduction., This appendix describes the required software and hard-
ware to run the WADISO program, using the program with data files, directing
program output to the printer, copying the program, listing the program, and
compiling the program on the IBM PC,

C-2. Hardware. To run the microcomputer version of WADISO, an IBM PC or
compatible computer with memory of 512K and an 8087 math coprocessor are
needed. Recommended is a printer.

C-3., Software. The program disk contains the executable file WADISO.EXE, the
external data files WADEXM and TIMEXM, and a batch file (EXAMPLE.BAT) to run
the external data files., The source disk contains a listing of the WADISO
preogram, WADISO.FOR,

C-4, Program, Data and Output Files. Several types of files are associated
with the WADISO program. The files contain the executable program; the pro-
gram source listing; svstem data stored in the form of external, internal, and
interim data files; and output from previous program runs, Each type of file
is described below,

a. Program Files. Program files are either executable or source. The
- WADISO program, WADISO.EXE, which is run by the user, is an executable program
file; the FORTRAN source listing, WADISO.FOR, is a text program file,
Executable files cannot be listed or modified by the user; however, text files
can be examined and modified by the user with an editor.

b. External Data Files., This type of data file supplies responses to
the program prompts and is used instead of entering data interactively. Any-
thing a user would enter interactively (e,g., keywords, data, menu responses,
and internal data file names) is contained on the file. All prompts must be
anticipated when creating an external data file, These files may be created
with EDLIN or the IBM Professional Editor or downloaded from a mainframe com-
puter. Running WADISO with external data files is described in paragraph C-6.

c. Internal Data Files, These files contain data that have been entered
by the user interactively or with an external data file. WADISO creates an
internal data file when the user selects any of the "STORE DATA" options from
the program menus. The program stores internal data files under a user-
selected file name as formatted, sequential-access files opened on device 1.
Four internal data files may be used., These may contain simulation, cost,
optimization, and extended period simulation data. These files may be viewed
with an editor. A description of the formats and contents of the files is
given in the program documentation (Part 2)., Paragraph C-7 discusses inter-
active runs using internal data files. Paragraphs 28-17, 28-28, and 28-40 of
the User's Guide (Part 1) describe storing and retrieving internal data files,
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d. Interim Data Files. Unlike internal data files, interim data files
may contain simulation data from a partially entered system. They are used
when a user cannot enter a complete system in one session, WADISO creates an
interim data file when the keyword CREA 1is entered after the simulation key-
word prompt is displayed. If a file name follows the keyword prompt, partial
link and node data are stored under this file name; otherwise, data will be
stored under the name "SYSDA." Data will be stored on the default drive.
Interim data files are formatted, sequential-access files and can be viewed by
the user with an editor. Format and contents of the files are described in
the Documentation.

e, Output Data Files. These files contain output from a previous pro-
gram run. Output data files enable the user to view a selective portion of
the output with an editor. The user may also print a specific portion of the
output, See paragraphs C-8 and C-9 on directing output to a file and to the
printer.

C-5. Interactive Runs - No Data Files, After turning on the power, insert
the program disk in drive A, Be sure the caps lock is on since WADISO will
accept only uppercase letters. At this point the program can be run inter-
actively by typing:

A>WADISO

(THE A> is the DOS prompt and user's response is underlined.)
or, if the default drive is C, type

C>A:WADISO

WADISO displays the main program menu and prompts the user for a response as
described in the User's Guide, Chapter 28.

C-6. Batch Runs - External Data Files. To run the program with an external
data file, enter

v

-~

-
"

%

P .I‘

1,4
[ T

A>WADISO<fname

«

where "fname'" is the name of a previously created text file providing
responses to the program prompts,

o

4
.

e

C-7. Interactive Runs - Internal Data Files., After entering svstem data
interactively, it mavy be stored by choosing the "STORE DATA" option from the
appropriate menu. Interral data files created bv WADISO will be stored on the
default disk drive under the user-selected file name unless they are preceded
by a drive specification other than the default drive. For example, assume
drive C is the default drive and the STORE DATA option is selected from one of
the menus in the program. The following prompt aprears:

ENTER FILE NAME
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At this point, the user mayv enter the name of the file, and the data will be
stored on disk drive C under the selected name., Also, in response to the
prompt, the user may type

A:rdattile
at which point WADISO stores the data on the disk in drive A as "“datfile,"

Prior to storing any data, always check the disk to see there is adequate
space to store the data.

To retrieve an internal data file from a drive other than the default drive,
the drive specification must be given, Assuming the default drive is C and
the data file, datfile, is located on drive A, the user types

A:datfile

in response to the file name prompt in WADISO after choosing the "RETRIEVE
DATA" option.

In addition, these files are formatted and can be viewed with an editor such
as EDLIN, sent to the printer or, for small systems, listed directly upon the
screen, The contents of the file and their format are described in the
program documentation,

C-8. Directing Output to a File., To direct the output of the program to a
file to view a selective portion of the ocutput, enter

A>WADISO>fname

Where fname is name of a file on which the output of the program will be
stored on the default disk drive. Another drive may be specified as follows:

A>WADISO>C:fname

In this case, assuming drive A is the default drive, the output of the program
will be stored on drive C as fname., Directing output in this manner may be
most useful and easiest when running WADISO with external data files since no
prompts are displayed. In this case, enter:

A>WADISO<fnamel >fname?

Where frnamel is the name of the text data file located on the default drive
(in this case A) and fname2 is the name of the file on which the program run
will be stored on the default disk drive,

C-9. Directing Output to the Printer., Several methods are available for
directing output of the program to the printer. To direct output to both the
screen and printer, press the Ctrl and PrtSc keys at the same time. Continu-
ous printing is provided. Pressing the shift and PrtSc key, print what is on
the screen, This method may be useful if only selective portions of the

Cc-3
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v output are desired. In addition, output from running WADISO with a external
Y data file can be sent to the printer (without listing on the screen) by typing
' A>WADTSO<fname>PRN ]
2y
jf: Where fname is the name of an external data file located on the disk in
) Y drive A, - 4
f C-10, Deleting Data Files, To remove a data file from the disk, use the DOS
& commands of ERASE or DEL, as follows:
[
D
[ A>ERASE fname
A
A assuming A is the drive containing the data file, fname., When deleting files,
L alwayvs be sure to specify the correct drive, filename, and directory.
;j C-11. Copying the Program to Another Drive or Directory. If the user has a
xj fixed disk, he may wish to copy the program from the floppy disk to the fixed
J disk. To do this, enter
L A>COPY WADISO.EXE C:
..'
o or, if the default drive is C, type

C>COPY A:WADISOLEXE C:

and the computer will copy the executable program code on to the fixed disk.

- To copy the program into a specific directory on the fixed disk, type 2
b A>COPY WADISO.EXE C:/dirname

vhere dirrame is the name of the directory on which WADISO.EXE is to be !
placed. Other files on the floppy disk may also be copied to the fixed disk :
by substituting their name for WADISO,EXE.

P AP o

WADISO now can be run from the C drive, interactively, or with a external data
file. If WADISO.EXE and an external data file are on different disk drives,
the user may run WADISO with the external file by typing

N ': * ,’.

- C>WADISO<A:fname
. where WADISO.EXE is on the default drive, C, and fname is the name of a exter-
‘ nal data file on drive A,

‘-j C~12, Listing Source Version. 7To view the source code, WADISO,FOR, on the

‘o screen, use an editor or word processing package. For a printed copy, send

"z the WADISO source code file tco the printer by entering

el

B ™

A>TYPE WADISO,FOR > PRN

i

.
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where WADISO,FOR is the name of the file located on drive A containing the
source code,

C-13, Compiling the Program. If the user has modified the program, it must
be recompiled and relinked before it can be run. The source code was compiled
using IBM Professional FORTRAN, PROFORT, version 1.0 with the I option. Refer
to the IBM Personal Computer Professional FORTRAN installation and use manual
for complete details on compiling and linking.
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CHAPTER 28

WATER DISTRIBUTION SYSTEM ANALYSIS
AND OPTIMIZATION

Section 1. Program Control

28-1. Introduction. The WADISO (Water Distribution System Analysis and Opti-
mization) computer program is a program to assist the user in the selection of
pipe sizes when designing or sizing water distribution systems. WADISO is
written in ANSI Standard FORTRAN 77 and has been developed for both a CDC
Cyber 175 and an IBM PC or compatible computer.

28-2, Overview. To supplement the comments provided throughout the source
code, a description of the program execution is given in Sections 2 through 5.
Section 2 describes execution of simulation routines, Section 3 describes cost
routines, Section 4 documents optimization routines, and Section 5 documents
extended period simulation routines. In addition, Section 6 provides brief
descriptions for all subroutines and includes figures showing the hierarchy of
subroutines in the program, gives definitions of variables, and describes when
to modify array dimensions in WADISO to allocate additional memory to handle
very large systems or make the program run on computers with limited memory.

Section 2. Simulation

28-3. Introduction. When the user selects SIMULATION (ST(l:1)='l"', where ST
is the character string containing the user's input) from the main program
menu, WADISO calls subroutine SIMULA. SIMULA initializes variables, prompts
the user to enter a new system or retrieve a previously entered set of system
data, displays the simulation menu, and calls other simulation routines. Fig-
ure 28-1 shows a general flowchart of the simulation routine, and paragraphs
28-4 through 28-11 describe execution of each of the menu options.

28-4. Input. Entering of the system data is accomplished with subroutine
INPDAT. SIMULA calls INPDAT when the user decides to enter data for a new
system or to modify data of a current system. INPDAT supplies the simulation
keyword prompt, reads in the input string (ST), decomposes the input string,
and assigns numeric values in accordance with the keyword.

a. Prompt., The prompt contains the present keyword, KTYPE. KTYPE is
initially set to the keyword JOB. After the job name is entered it is
assigned to the variable JOB, and KTYPE 1is set to PIPE., KTYPE is updated by
entering a new keyword as part of the response to the prompt. If no keyword
is entered, KTYPE is retained from the previous entry.

b. Decomposing the Input String. If the input string starts with an
alpha character, the first four characters (or characters to the first blank,
whichever is less) of the word are accepted as the keyword and assigned to the
variable KTYPE. 1If the input string starts with a numeric value, the keyword
remains unchanged. Alpha data other than the keyword are ignored. Data items
can be separated by blanks or commas. Numeric values in the input string are
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stored in the array VALUE, and L-l represents the number of numeric values in
the input string. In Table 28-1, an example of an input string and its decom-
position is provided.

c. Recognizing Keyword. Program execution, within subroutine INPDAT, is
transferred to the portion of the routine dealing with the present keyword
based on the position of the keyword KTYPE in the strings KEYl, KEY2, and
KEY3. These strings contain a list of all available keywords. The value L
(number of numeric values plus one) is used, as well, in these tests.

d. Assignments of Numeric Values. Once the keyword has been determined,
the numeric values in the input string, stored in array VALUE, are assigned to
variables. For instance, if the keyword is "LENG," VALUE(2) (pipe length) is
assigned to variable XL, subscripted with VALUE(l) (user link number). After
making these assignments, control returns to the input prompt. Figure 28-2
provides a flowchart of system data input and retrieval, showing all the sim-
ulation keywords.

e. Errors in Data Input. If KTYPE is an invalid keyword, subroutine
ERROR is called to display INVALID KEYWORD and set KTYPE to PIPE. INPDAT
tests numeric values to verify that the correct format for the keyword was
used and that each value is reasonable (e.g., no negative pipe diameter). It
any error in the values is encountered, subroutine ERROR is called to display
the appropriate error messages. Subroutine ERROR is also called to display
correct format(s) for a keyword entered with no numerical values.

f. Links, Pumps, Check Valves, and Tanks. Wwhen any link data are
entered or changed, INPDAT updates the characteristic pipe coefficient array
(CP) and the matrix coefficient array (A) for the link. INPDAT stores the
user link number in array IPI. To distinguish between pump links and pipe
links, pumps are tlagged with a negative characteristic pipe coefficient. The
value assigned to CP for pumps is the coefficient of the quadratic term in the
characteristic pump curve equation (a negative value). To distinguish check
valve and PRV links from pipe and pump links, INPDAT flags check valves with a
negative pipe length and PRVs with pipe lengths greater than 999999, A value
of 100 is added to water levels in tanks to permit water levels of zero, and
the levels are multiplied by 1E10 to distinguish tank nodes from other nodes;
i.e., (DO = water level + 100) * (1lE10).

R A

SRAE R

p ]

g. Keywords CREA and GET. Two keywords, CREA and CET, transfer control
from subroutine INPDAT to the subroutines SIMSTO and SIMRET, respectively.
SIMSTO stores the simulation data on a formatted, sequential-access file
opened on device 1 under the file name provided by the user. If no file nanme
is specified, SYSDA is used. SIMRET retrieves the simulation data from
the file created by SIMSTO. In the first line and first row of file SYSDA, 00
is stored. Following on line 1 are elements 1 through 14 of the O array,
stored with a 1414 format. Line 2 contains 0(lS5), Ol, and 02 with a 314 for-
mat. Atterwards, SIMSTO stores elements 1| through 02 of the node data arrays
HE, DO, and EL using a 3E21.14 format specification. Next, SIMSTO stores
elements | through 0l of the link data arrays A, CP, and DI using the same
format specification. The routine stores the two remaining link data arravs
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Table 28-1. Decomposition of User Input String
Input string: PIPE 20 170 175 10 200.5
String
position Character
1 P )
2 I ) First blank is in position 5
3 P ) ST(l:4) is keyword
4 E )
5
6 2 ) VALUE(1)=20
7 0 )
8
9 1 )
10 7 )  VALUE(2)=170
i1 0 )
12
13 1 )
14 7 ) VALUE(3)=175
15 5 )
16
17 1 ) VALUE(4)=10
18 0 )
15
20 2 )
21 0 )
22 0] )  VALUE(5)=200.5
23 )
24 5 )

when decomposition of the input string is finished:
. = 6 (number of numeric values plus one)

KTYPE

= PIPE
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Figure 28-2. Flowchart, system data input and retrieval
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XL and HW (elements | through Ol) using a 2E21.14 format specification. Fol-
lowing is the JOB name (A60 format) occupying one line and elements 1 through
02 of the arrays IBE, IEN, IPI, and INO with a 414 format specification.
After retrieving or storing, return is made to the input prompt in subroutine
INPDAT.

h. Kevword END, When the keyword END has been entered, the input data
are processed. Checks are made to verity that every node has been assigned an
elevation, every node has a pipe leading to it, and at least one node is a
supply point (i.e., constant head node). Link data are compressed by shifting
elements in arrays IPI, IBE, IEN, A, CP, DI, XL, and HW subscripted with the
user linx number to those arrays subscripted with internal link numbers. How-
ever, this assigument is made only when the elements in arrav IPI are equal to
I, to flag that a link does exist with that user number in the system. Node
data are compressed in the same manner, by shifting the elements of the INO,
HE, EL, and DO subscripted with user node numbers to elements of these arravs
subscripted with internal node numbers. Arrays IPI and INO keep track of the
shitt., Figure 18-3 shows an example of a small system before and after com-
pressing takes place. Expansion of the svstem data takes place with subrou-
tine MODLFY, called by SIMULA prior to calling subroutine INPDAT, when the
"MODIFY SYSTEM" (ST(l:1)="1') option is chosen. INPDAT returns program con-
trol to the calling subroutine, SIMULA, where the simulation menu 1is
displaved.

28-5. Balancing. When BALANCE (ST(1:1)='0"' or ST(1:2)="0C') is chosen from
the menu, subroutine SIMBAL is called to create characteristics of the sparse
matrix with two double-subscripted arrays, Nl and NI, in which the first sub-
script reters to the line number of the node in the matrix (internal node num-
ber) and the second subscript refers to the entrv number of nonzero coeffi-
cients for each link connected to the node on this particular line (or zero
coetficients that are needed during the Gaussian elimination procedure).

Array M, subscripted with the line number, stores the number of entries used
on this particular line in the sparse matrix excluding the entry on the diag-
oral (i.e., the highest second subscript in arravs Nl and N. for a nonzero
entrv). Array Nl stores the internal link number (used when calling on the
proper member in array A) and array N2 stores the column number in the sparse
matrix in which the corresponding nonzero coefficient is located. This pro-
cedure allows the program to store the coefficient matrix in the one-
dimensional array A. Establishing the sparse matrix is executed in two steps.
In step 1, all the user-defined links are entered in the arrays Nl and N2. In
step 2, the zero entries in the coefficient matrix, which are needed during
the Gaussian elimination procedure (dummy links), are created. Below, an
example is given showing a small network, the matrix, the arrays N1 and N2,
and M aiter the first as well as the second step.

a. FExample of Interral Node Numbering. Figure 28-4 shows the (internal)
ncde numbers (to the lower right of the O marking the nodes) and link numbers
(centerced along the link). Note that if a system Is numbered consecutively
starting with 1, the internal and user numbers coincide. Figure 28-> shows
the corresponding coefficient matrix, marking with X the nonzero entries
(* for the entrv on the diagonal). Zero entries are left blank. Relow the X,
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System Layout:

Before compressing:

LINK ¢ 1 2 3 4

IPI 1 1
IBE 2 3
LEN 3 5
NODE # 1 2 4
INO 1

After compressing:

~

LINK # 1 2 3

IPI 24 7 9
IBE 23 3 6
LEN 3 5 6 8
NOGDE = 1 2 3 4
INO 2 3 5 6

Figure 28-

“
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5 6 7 8
1
3
6

5 6 7

I 1 1

(Internal #)

~

N——

(User Link #)
(Flag)

(User Beg. Node #)
(User End. Node )

(User Node #)
(Flag)

(User Link #)
(User Beg. Node #)
(User End. Node #)

5 (Internal Node #)
8 (User Node #)
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3. Example svstem before and after compressing data

28-7
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1 2 3 4 5
0 -———=0 0= 0- --0- 0
1 2 4 5 8 11
10 11 12
6 7
O 0 Q=== 0
3 6 12
13 14 15
O-==e=—- Q=== 0
7 10 13

Figure 28-4. System layout with internal
node and pipe numbers

the internal link number is listed. Since the matrix 1s symmetrical, only the
upper triangle is shown. At the far right, the number of nonzero entries
(excluding the diagonal entry) is listed (value of M). Below the matrix, the
corresponding arrays N1 (link numbers) and N2 (column/node numbers), as well
as M, are shown after step 1. Figure 28-6 shows the matrix again. Here, the
zero entries, indicated by # (dummy links) as needed during the Gaussian elim-
ination procedure, have been added, with the corresponding "link" number as
assigned by the program. Comments in the source code provide additional
description of these steps,

b. Solution of Equations. After completing steps 1 and 2, SIMBAL calls
EQSOLV to solve the 0(2) (number of nodes in the system) continuity equations
simultaneously for the unknown hydraulic heads, calculates the new coefficient
matrix based on estimated flow rates calculated from the new heads, and
repeats these two steps until the desired pressure and flow accuracy are
reached. If the accuracies are yet insufficient, EQSOLV continues the itera-
tive procedure. When solving the equations, EQSOLV operates only on the upper
right triangle of the matrix, since it is always symmetrical. Overrelaxation
of the hydraulic heads is provided onlv when no PRVs or check valves exist in
the system, if the sum of all absolute head corrections (R3) is less than
75 percent of the sum in the previous iteration (C4), and if the iteration ﬁ
counter 16 is larger than 2 and less than or equal to 10. Once the desired
flow (FLAC) and pressure accuracy (PRAC) are reached or the maximum number of
iterations (ICL) is exceeded, program control transfers to subroutine PRNOUT,
which prints the output. Flow and pressure accuracy are reached when the max-
imum absolute change in flow through a link between the previous iteration and
the current iteration is less than or equal to FLAC and when the maximum
absolute change in head at a node between the previous iteration and the cur-
rent iteration is less than or equal to PRAC.

28-8

T e e e e e e ’.._;::\._\-_..'_-.':. »
. i . P .- *» . T - ", ..- T % - : .-- ‘w A -
P S A R RSP DU INP NS, VIO SV o I O P A



.:‘:‘!"".: . N

EM 1110-2~502

Part 2 of 2
Change 6
Node # 1 2 3 4 5 6 7 8 9 10 11 12 13 M
1 * X 1
1
2 * X X 2
10 2
3 * X 1
6
4 * X 1
3
5 * X X 2
11 4
6 * X 1
12
7 * X 1
8
8 * X X 2
12 5
9 * X X 2
14 7
10 * x 1
| 9
11 * 0
12 * X |1
15

13 * |0

Array Nl Array N2 Array M
1 2 3 4 1 2 3 4

1 1 2 1
2 10 2 3 4 2
3 6 6 1
4 : 3 5 1
5 11 4 6 8 2
6 I 12 7 ]
7 8 10 1
8 { 125 9 11 2
9 ! 14 7 10 12 2
0o | 9 J 13 1
11 ! 0
12 12 } 13 1
13 0

---‘lp

s

7 ) ...ll o) l..i . 2

Figure 28-5,

» r ram - ,ll*-*-r*-lr{
X .w' .n'\ \
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Nonzero entries in the coefficient matrix

with corresponding arrays NI,
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Node # | 1 2 3 4 5 6 7 8 9 10 11 12 13| M
1 * X 1
1
2 * X X 2
10 2
3 * # X 1
16 6
4 * X # 1
3 17
5 * X X 2
11 4
6 * X it 1
12 18
7 * # X 1
19 8
8 * X # X 2
12 20 5 1
9 * X # X 2
14 21 7
10 * # # X 1
22 23 9
11 * it # ] 0
28 25
12 * X |1
15
13 * | 0
Array N1 Array N2 Array M
1 2 3 4 1 2 3 4
1 1 2 !
2 10 2 3 4 2
3 16 6 4 6 2
4 3 17 5 6 2
5 11 4 6 8 2
6 13 18 7 8 2
7 19 8 8 10 2
o 8 12 20 S 9 10 11 3
‘s 9 14 21 7 10 11 12 3
- 10 2223 9 11 12 13 3
| @. 11 28 25 12 13 2
e 12 12 13 1
, ',:. 13 0
s
- Figure 28-6, Entries in coefficient matrix with corresponding
X arrays Nl, N2, and M as used during Gaussian
elimination procedure
28-10
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28-6. Printing Input. Selection of the option PRINT INPUT (ST(l:1)='2")
transfers program control to subroutine PRNINP. PRNINP prints a node and link
table and, if pumps are present, the coefficients of the characteristic curve
foliow the link table. PRNINP tests array DO, the water use at each node, for
supply points. When DO is greater than 9E9, array HE (the total hydraulic
head) and array EL (the node elevation) are compared. When HE is greater than
EL by more than 0.5 foot for a node, the node is labeled as a tank. Other-
wise, it is labeled as a reservoir. Checks are also made for the presence of
PRVs (XL > 999999) or pumps (CP < 0) and check valves (XL < 0). After print-
ing, return is made to subroutine SIMULA.

28-7. Printing Qutput. PRNOUT prints a node and pipe table displaying the
output of the simulation listed by nodes and links. Subroutines NOTAHE and
PITAHE print headings for the tables. SIMULA calls PRNOUT when the PRINT
OUTPUT option (ST(1l:1)='6') is chosen after a system has been balanced. Also,
EQSOLV calls PRNOUT after balancing a system in the steady-state simulation
routine. Following the printing, return is made to subroutine SIMULA.

28-8. Storing Data. When the option STORE DATA (ST(1:1)='3') is chosen from
the simulation menu, SIMULA calls STODAT. After prompting for a file name,
STODAT stores link and node data under this file name as a formatted, sequen-
tial access file opened on device 1. Line 1 of the file contains the entire O
array, elements 1 through 15 with a 1514 format. After storing this array,
STODAT stores elements of the HE, DO, and EL arrays with a 3E21.14 format
specification, taking up as many rows as there are nodes (0(2)). Next, the

- link data are stored, occupying as many rows as there are links. The routine
stores arrays A, CP, and DI using a 3E21.14 format and then stores elements of
the arrays XL and HW, using a 2E21.14, Following storing of the link data,
STODAT stores the job name and then the arrays (IBE, IEN, IBI, IEI, and IPI),
using a 5I4 specification. Lastly, the array INO is stored with a 1014 spec-
ification. Figure 28~7 shows a formatted file created with STODAT from
example 3 in the User's Guide (Part 1). Following storage of data, program
execution returns to SIMULA, where the simulation menu is displayed.

28-9. Retrieving Data. If option RETRIEVE DATA (ST(1l:1)='4') is chosen, con-
trol passes to subroutine RETDAT to retrieve the system data that were previ-
ously stored with subroutine STODAT on a formatted file opened on device 1,

3 (Contents of the file and its format are discussed in paragraph 28-8.) After
‘.) retrieving data, program control returns to subroutine SIMULA.
9
‘¢
:j 28-10. Program Control. The PROGRAM CONTROL (ST(1:1)='8"') option returns
oy control to the main program WADISO, where the main program menu is displayed.
-.‘
A 28-11. Termination. When choosing TERMINATE PROGRAM (ST(1:1='9'), subroutine
‘_ TERMIN 1s called to remind the user to transfer any local files to permanent
E storage (when working on the CDC Cybernet System) and terminate the program.
<
b
N
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11 10 0 0 O
0.10000000000000E+04
0.80000000000000E+03
0.80000000000000E+03
0.80000000000000E+03
0.78000000000000E+03
0.80000000000000E+03
0.78000000000000E+03
0.80000000000000E+03
0.98000000000000E+03
0.95000000000000E+03
0.40817447814524E+00
0.42604446904692E+00
0.27916424742561E~01
0.42604446904692E+00
0.27916424742561E-01
0.10908329584911E+04
0.27916424742561E-01
0.27916424742561E-01
0.27916424742561E-01
0.68771437354017E-02
0.27916424742561E-01
0.10560000000000E+05
0.52800000000000E+04
0.52800000000000E+04
0.52800000000000E+04
0.52800000000000E+H04
0.00000000000000E+00
0.52800000000000E+04
0.52800000000000E+04
0.52800000000000E+04
0.52800000000000E+04
0.52800000000000E+04

EXAMPLE 3
11 21 1 2
21 31 2 4
22 32 3 5
31 41 4 6
32 42 5 7
41 51 6 8
51 61 8 9
61 71 9 10
21 22 2 3
31 32 4 5
41 42 6 7
11 21 22 31
Figure 28-7,.

0 0 0 0 o0
0.99999999590400E+12
0.10000000000000E+03
0.20000000000000E+03
0.00000000000000E+00
0.30000000000000E+03
0.00000000000000E+00
0.20000000000000E+02
0.00000000000000E+00
0.30000000000000E+03
0.50000000000000E+03
0.24499328136444E+01
0.23471727371216E+01
0.35821205139160E+02
0.23471727371216E+01
0.35821205139160E+02

-0.31476129531860E+02
0.35821205139160E+02
0.35821205139160E+02
0.35821205139160E+02
0.14540921020508E+03
0.35821205139160E+02

-0.10000000000000E+03

-0.10000000000000E+03

~0.10000000000000E+03

-0.10000000000000E+03

-0, 10000000000000E+03
0.40000201416016E+03

-0.10000000000000E+03

-0,10000000000000E+03

-0.10000000000000E+03

-0.10000000000000E+03

-0,10000000000000E+03

11
21
22
31
32
41
51
61
121
131
141
32 41 42 51

Formatted file created with subroutine STODAT

28-12

0 0 o 0 O

0.10000000000000E+04
0.80000000000000E+03
0.80000000000000E+03
0.80000000000000E+03
0.78000000000000E+03
-0.80000000000000E+03
0.78000000000000E+03
-0.80000000000000E+03
0.98000000000000E+03
0.95000000000000E+03
0.13333333730698E+01
0.11666666269302E+01
0.66666668653488E+00
0.11666666269302E+01
0.66666668653488E+00
-0.,16959516797215E-02
0.66666668653488E+00
0.66666668653488E+00
0.66666668653488E+00
0.50000000000000E+00
0.66666668653488E+00

61 71

O ARRAY

HE,DO,EL

A,CP,DI

XL,HW

JOB

IBE, IEN,
IBI,IEI,
IPI

INO ARRAY




" T NPT TR UYTRTITom e oT U R L el (I Tw TIRTITFARVTFRT TRFTRTFT RTTRTE A FTTe TR RS TV W -

EM 1110-2-502

Part 2 of 2

» Ch 6
T ange

o Section 3. Cost

28-12, Introduction. When the COST option (ST(l:1)='2') is chosen from the
main program menu, WADISO calls subroutine COSTDA, the calling routine for all
cost routines. Subroutine OPTIMI may also call COSTDA when the user selects
the cost option from the optimization menu. Default cost data are described
in paragraph 28-13, while each of the size cost options displayed in the cost
menu is described in paragraphs 28-14 through 28-19.

28-13. Default Cost Data., Default cost data are assigned in block data
ASSIGN. ASSIGN puts 25 pipe sizes (inches) in array SIZ with their costs
(dollars per linear foot) in array COST. Cost is a doubly subscripted array
(first subscript refers to the size number, while the second refers to the
price function) so that more than one price function can be used. 1Initially,
two price functions are contained in array COST. Price function 1 contains
the default values for pipe cost, and function 2 contains the default values
for the cleaning cost. The default energy cost, ENCO, is $0.1 per kilowatt-
hour; the number of years, NY, is 10 (used in the computation of present worth
of pumping cost); and the interest rate is 0.1 (10 percent).

28-14. Input. When entering new cost data, COSTDA calls subroutine INPCST to
display the cost input prompt and read in the keyword(s) and numeric values.
To decompose the input string (ST), INPCST calls subroutine DECINP to separate
the input string into keyword(s) and numeric values. Primary keywords (the
first of two keywords when two keywords are entered) are stored under KTYPE,
and secondary ones (the second keyword entered) under KTYPF. Numeric values
are stored in the array VALUE. After decomposing the input string in DECINP,
INPCST determines which keyword was entered. If an invalid keyword was
entered, INPCST displays a warning message, sets KTYPE to SIZE, and control
returns to the input prompt. The values associated with the keyword are
stored under the appropriate variable names. If no numeric values follow the
keyword, subroutine KEYWRD is called to display the correct format(s) for the
keyword. INPCST also calls KEYWRD when KEYW is entered. Program execution
goes back to the cost input prompt, and the process is repeated until the key-
word END has been entered, at which point transfer is made to subroutine
COSTDA where the cost menu is displayed showing six options for the user,

28-15. Printing Data. When PRINT DATA (ST(1:1)='2') is chosen from the cost
menu, COSTDA calls subroutine PRNCST to display the pipe sizes in inches and
thelr costs in dollars per linear foot for each of the price funcctions. Also,
the cost printing routine displays the energy cost, ENCO; the time period, NY,
used in the computation of present worth of pumping cost; and the interest
rate, XI,

Xy
":_“-{(f" s

28-16. Storing Data. STORE DATA option (ST(1:1)='3') passes program control
to subroutine STOCST where the user is prompted to enter a file name on which
the data will be stored. STOCST opens the formatted, sequential access file
on device 1 and stores on line 1 the number of sizes (KS) and the number of
price functions (KC) using a 2I3 format specification. The pilpe sizes in
inches, found in array SIZ, and their corresponding costs in dollars per
linear foot, assigned to the doubly subscripted array COST, are stored next

28-13
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with a format specification of 6E12.5, so that six values are located on a

line (three sizes, each followed by its cost).

On the last line of the file,

STOCST stores the energy cost (dollars per kilowatt-hour), the number of

years, and the interest rate with a E12.5,13,E12.5 format.

Figure 28-8 shows

an example of a formatted file created with STOCST using cost data taken from

example 3 in the User's Guide.

to subroutine COSTDA, where the cost menu is displayed.

28-17.

Retrieving Data.

fers control to subroutine RETCST.

After storing the cost data, control returns

Selection of RETRIEVE COST DATA (ST(l:1)='4') trans-
RETCST prompts the user for the name of a

file on which the cost data have been stored using subroutine STOCST and pro-

ceeds to open the file on device 1 and read the contents.
not exist or is not accessible, RETDAT notifies the user with a message.

If the file does

See

paragraph 28-16 for a description of the contents and format of the file.

28-18. Program Control. See paragraph 28-10.
28-19. Termination. See paragraph 28-11.
KS KC
25 2 Prices, $/1.f. Prices, $/1.f.

Sizes, in. Function 1 Function 2 Sizes, in  Function 1 Function 2
SIZ array  COST array COST array  SIZ array COST array COST array
0.20000E+01 0.62900E+01 0.30000E+02 0.30000E+01 0.85700E+01 0.30000E+02
0.40000E+01 O0.10800E+02  0.30000E+02 0.60000E+01 O0.15100E+02 0.14500E+02
0.80000E+01 0.19300E+02 0.15700E+02 0.10000E+02 0.28900E+02 0.16800E+02
0.12000E+02 ©0.40500E+02 0.17700E+02 0,14000E+02 0.52100E+02 0.18500E+02
0.16000E+02 0.59400E+02  0.19200E+02 0.18000E+02 0.68600E+02 0.20000E+02
0.20000E+02 O0.80100E4+02 0.20500£+02 0.24000E+02 0.10600E+03 0.21600E+02
0.30000E+02 0.14700E+03 0.23100E+02 0.36000E+02 0.19200E+03 0.24300E+02
0.42000E+02 0.24200E+03  0.25400E+02 0,48000E+02 0,29500E+03 0.,26400E+02
0.54000E+02 0.33100E+03 0,00000E+00 0.60000E+02 0.39600E+03 (,00000E+00
0.66000E+02 0.47700E+03  0.00000E+00 0.72000E+02 0.55400E+03 0.00000E+00
0.78000E+02 0.64200E+03  0.00000E+00 0.84000E+02 0.73400E+03 0.00000E+00
0.96000E+02 0.94+00E+03  0.00CO00E+00 0.10800E+03 0.11700E+04 0.00000E+00

0.12000E+03 0.14200E+04  0.00000E+00

0.75000E-01

Figure 28-8.

10 0.1000E+00

(Energy Cost ($/kwh), # of years, interest rate)

28-14
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Formatted file created with subroutine STOCST
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Section 4. Optimization

28-20. Introduction. When OPTIMIZATION is chosen from the main program menu,
WADISO calls subroutine OPTIMI, which displays the optimization menu and
passes control to another subroutine based on the user's selection.
Description of each of the menu options is given in paragraphs 28-21 through
28-26; Figure 28-9 shows a general flowchart for optimization routines.

28-21. Data Input. When MODIFY OPT. DATA (ST(l:1)='1l') is chosen from the
optimization menu, subroutine OPTIMI calls subroutine OPTMOD. OPTMOD displays
the optimization input prompt, reads in the user's input as string ST, calls
subroutine DECINP to decompose the input string into keyword(s) and numeric
values, and makes assignments of the numeric values associated with the key-
words to the appropriate variables. For keywords HWCC, LIMP, and LIMC, this
assignment is straightforward, but for keywords GROU, LOAD, PRIC, and SIZE,
some additional explanation is needed.

a. Keyword GROU. 1In dealing with the keyword GROU, the variable IGROU
is used to assign links to a group. The subscript in array IGROU is the
internal link number, and assigned to IGROU is the number of the group to
which the link belongs. For example, if the user enters

the program would contain

IGROU 1 2 3 4 5 6 (subscript) - link
1 2 2 1 3 1 (value) - group

Links with internal numbers of 1, 4, and 6 belong to group one. Links 2 and 3
belong to group 2, and link 5 belongs to group 3. Since there can be only 15
groups, the validity of the group number, which must be between 0 (0 is used
to delete pipes from a group) and 15 inclusive, is tested. A test is also
made to ensure that nonpipe links, such as PRVs and pumps, are nct assigned to
groups. If an illegal group number is entered, the entry is ignored; if a
link is entered which is not a pipe, the link is not assigned to a group.

b. Keyword LOAD. With keyword LOAD, the presence of a second keyword
must also be tested. Possible second keywords are MINI, RATI, OUTPUT, and
PUMP. The table below shows the number of numeric values that may follow each

keyword. Number of Numeric

Second Keyword Values Following
MINI 1, 2, or 3
RATI 1l or 3
OUTPUT 2
PUMP 3
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OPTMOD must determine how many values follow the second keyword so that
assignment can be made over the appropriate range of nodes, OPTMOD also
checks to ensure the node numbers entered by the user exist and that the
loading pattern is in the range of 1 through 5 inclusive, 1If either error has
been made, an error message is displayed, and control returns to the input
prompt,

(1) One numeric value following. If only one numeric value follows
the second keyword, the lower node bound (variable K0) for which output will
be changed or pressure requirement made is assigned to 1, the number of the
first internal node. The upper node bound (variable K1) is assigned to the
total number of nodes, 0(2). For example, if the user enters "LOAD 1 MINI
50," all nodes, except constant head nodes, would be assigned a minimum
pressure of 50 pounds per square inch under loading pattern 1.

(2) Two numeric values following. If two numeric values follow the
second keyword, the lower bound and the upper bound are identical since
assignment is to be made for only one node. For example, if the user enters
"LOAD 1 OUTPUT 12 500," KO and Kl are assigned to the internal node number
which corresponds to the user node number of 12 (stored in array INO), and an
output of 500 gallons per minute is assigned to the node. If a constant head
node is assigned the load, OPTMOD displays a message notifying the user that
the node is a supply point but that output data are retained, After assign-
ments have been made, return is made to the input prompt.

. (3) Three numeric values following. If three numeric values follow
the second keyword, the first value after the second keyword, value (2), is
assigned to the lower bound; the second value is assigned to the upper bound;
and the last value 1is the numerical value of the ratio or pressure require-
ment. For example, if the user enters "LOAD 1 RATIO 25 53 1.25," KO is
assigned to the internal node number matching the user node number of 25, and
K1 is assigned to the internal node number matching user node number 53,
OQutputs in the range of external node numbers between 25 and 53 are multiplied
by 1.25.

c. Keyword PRIC. If the keyword PRIC is entered, pipes are assigned to
a price function with the array ICATE. As with IGROU, the internal link num-
ber is the subscript on the array, and the price function is assigned to the
array. For example, in response to the optimization keyword prompt, the user
enters

Assuming consecutively numbered links beginning with link 1, so that external
and internal link numbers are the same, the data are stored as follows.

28-17
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ICATE 1 2 3 4 5 6 7 (subscript) - link number )
1 2 1 1 2 1 3 (assignment) - price function

Pipes with internal link numbers 1, 3, 4, and 6 are assigned to price func-
tion 1 (i.e., the cost of pipes 1, 3, 4, and 6 will be calculated based on
price function 1). Pipes with internal link numbers of 2 and 5 are assigned
to price function 2, and the pipe with internal link number 7 is assigned to
price function 3,

d. Keyword SIZE. For keyword SIZE, new sizes are added to array NS and
stored in the doubly subscripted array SI. The first subscript denotes the
group number; the second denotes the number of sizes in the group, NS, 1If the
list of sizes contains the letter C for cleaning/lining, the size counter is
incremented by | and a value of -1 is assigned to the next element in array
SI. For example, if the user enters "SIZE 2 8 10 12 C," the data are stored
as follows:

SI (2,1) = 8

N ST (2,2) = 10

P ST (2,3) = 12

o ST (2,4) = -1

A

“e
o 28-22, Optimization. When OPTIMIZE (ST(l:1)='0') is chosen from the opti-

x: mization menu, OPTIMI calls subroutine OPTRUN, To optimize the system, OPTRUN

- calls on subroutines OPTINT, ENUMER, and OPTERM, which in turn call several
- other routines, Execution is described below. h

a., Subroutine OPTINT. This subroutine performs three major operations.
OPTINT accumulates pipe cost for each size specified in each group (e.g., the 9
costs for all l2-inch pipes in group 1 are added), performs a test on size
range, and initializes a queue of nonfunctional combinations,

(1) Cost accumulation, Total costs for each size in each group are
contained in array TC., The array has two subscripts, with the first referring
to the group number and the second referring to the number of the size in the
group, Sizes in each group are contained in array SI, which is subscripted in
the same manner as array TC., After initializing array TC to zero, OPTINT
tests the array SI for sizes in a group which the user has specified for elim-
ination (i.e., a size of zero for a group has becn specified). In this case,
no cost is accumulated, and the size counter is increased by 1. A check for
cleaning is also made; in this case, the user has specified a "C" as one of
the sizes in a group, and the program flags cleaning by storing a "-1" in
array SI in subroutine OPTMOD. When cleaning has been specified for a size,
OPTINT checks for a parallel pipe (i.e., one with a different link number but
the same beginning and ending node numbers), If no parallel pipe is found, an
error message 1s displayed, and program control returns to the optiaization
menu, Otherwise, OPTINT calculates the diameter that would have to be
assigned to the new pipe such that the old pipe (with the old Hazen-Williams
coefficient) and the new pipe with this diameter are equivalent to the
cleaned/lined old pipe alone., This diameter is

28-18




" ey " - "'?‘T“"("'_‘""'v"_"'f"f"'."("“‘vv".";“"'\'1’

AR

EM 1110-2-502
Part 2 of 2
Change 6

o
i

o

0.38
. [ mwce - wwap)
[ DECL = [ HW(IL) ] * DI(IP) (28-1)

where
HWCC Hazen-Williams coefficient of cleaned pipe
HW = Hazen-Williams coefficient for pipes IL and IP
1 1P internal link number of old pipe
4 1L internal link number of new pipe
. DI = diameter

= Next, OPTINT searches the cost table for the diameter of the old pipe with

¥ internal link number IP. If no cost for a given size is found, a warning
message ic displayed, and program control returns to the optimization menu.
Otherwise, cleaning cost for the size is accumulated by multiplying the length
of the pipe (array XL) by the cost (array COST in dollars per linear foot) and
adding the cost to array TC. For the case of neither elimination nor clean-~
ing, OPTINT searches for the size in the cost table., If the size is not
found, a warning message is displayed, and program control returns to the
optimization menu. Otherwise, OPTINT determines the price of the pipe that is
contained in array ICATE and subscripted with the internal link number IL.
Once the price function is determined, the costs of each length in the group
are summed, and OPTINT continues with the next pipe in the group with the same
diameter as the previous pipe. 1If there are no more pipes in the group, the
size counter is incremented. Once all the costs for all sizes in a group have
been determined, the group counter is incremented., After accumulating cost
for each size in each group, OPTINT sorts arrays TC and SI by cost from the

...
) L]
LR e

- S

Ca
SHNISUe

— -
.

tx most expensive to the least expensive size in each group. Next, duplicate
:. sizes and sizes that are more expensive than the next larger size are elim-
> inated. The following example will help illustrate the procedure. Group 1
. contains pipes 22, 32, 121, and 141. Each pipe is 5,280 feet long. Pipe
sizes assigned to this group are 10, 6, 8, and 4 inches, and the sizes were

. assigned in this order. The array SI then has these entries

V'l

<

R SI(1,1)=10  SI(1,2)=6  SI(1,3)=8  SI(l,4)=4

¥

-

i given the following unit prices:

e

") Size Cost/foot

)y 4 17.2

S 6 15.1

a 8 19.3
“ﬁ ) 10 28.9

After accumulating cost, the array TC has the following entries:

: TC(1,1)=610368 TC(1,2)=318912 TC(1,3)=407616 TC(1,4)=363264

F L2
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After sorting:

Q SI(1,1)=10 SI(1,2)=8 SI(1,3)=4 SI(l,4)=6

Ay TC(1,1)=610368 TC(1,2)=407616 TC(1,3)=363264 TC(1,4)=318912
[

<'."{

o After elimination:

3
¥

s

SI(1,1)=10 SI(1,2)=8 SI(1,3)=6
TC(1,1)=610368 TC(1,2)=407616 TC(1,3)=318912

(2) Test on size range. After accumulating cost, sorting, and elimi-
nating, OPTINT tests whether some small sizes in each group can be ruled out.
Initially, all groups are assigned the maximum size by setting array ICS, sub-
scripted with the group number, to 1 (i.e., the largest size corresponds to a
size number of 1). OPTINT calls on subroutine SIZE to assign pipe diameters
to array DI and characteristic pipe coefficients to array CP in accordance
with the size number stored in array ICS. After returning from subroutine
SIZE, the program enumerates each loading pattern and assigns water uses to
array DO for the particular pattern. OPTINT calls OPTBAL, which in turn calls
EQSOLV to calculate the pressure distribution. EQSOLV returns with the lowest
pressure P8 (actual pressure minus required pressure) at any node checked.
Next, PUMPH is called to adjust the pressure in those sections of the network
which are supplied through a single pump whose cost is to be included in the
optimization. If the minimum pressure in a pattern is less than the pressure
tolerance for maximum sizes in each group, the program prints '"MAXIMUM SIZES
ARE INSUFFICIENT IN PATTERN X," where X is the pattern number. Program con-
trol then returns to the optimization menu. Otherwise, sizes are enumerated
beginning with the size in the first group assigned to the smallest size in
the group (i.e., ICS(l) = the highest size number), and subroutine SIZE is
called again to assign the sizes and characteristic pipe coefficients to each
group. Loading patterns are again enumerated, and water uses are assigned.
Then the pressure distribution is calculated for all groups assigned their
maximum sizes, except one which is assigned the minimum size in the group. If
the minimum pressure is less than the pressure tolerance and the size of the
group has reached the second largest size, the number of sizes in the group
(array NS) is set to 1., If the minimum pressure is less than the pressure
tolerance, yet the size of the group has not reached the second largest size,
the size will be eliminated and the next larger size in the group will be
tested. If the pressures are sufficient, POLD records the lowest pressure
that occurred in all loading patterns, and MOLD records the corresponding pat-
tern number., If all patterns have minimum pressures larger than zero, OPTINT
accumulates total cost (present worth of pumping cost plus pipe cost) of the
system as variable C9. If C9 is less than C8 (the cost of the so far least
expensive solution, which met all requirements), the size combination, ICS, is
recorded under IBS, the lowest pressure under BESTP, and the pattern number
under PAT. OPTINT then calls on SOQU to test the solution for inclusion in
the queue of Pareto Optimal solutions. If SOQU finds the combination to be
Pareto Optimal, the combination is stored in array 1SS, the corresponding
pressure in array SPR, the cost in SCO, and pattern number in ISP. The
following example will help illustrate the test on size range. The following
group sizes are given:
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Group # Sizes, inches
1 10 8 6 4
2 12 10 8 6
3 6 4

Initially, the ICS array contains:

Corresponding

Size, inches
ICS(1) =1 10
ICS(2) =1 12
ICS(3) =1 6

If the minimum pressure is greater than the pressure tolerance (i.e., P8 >
R22) after computing the pressure distribution for this size combination, the
size combination used for the next pressure distribution calculation is:

Corresponding Size

ICS(1l) = 4 4
ICS(2) =1 12
ICS(3) =1 6

If P8 < R22, after computing the pressure distribution, the size of 4 inches
in group 1l can be eliminated, and the size number for group 1 will now become
3 such that group sizes are:

Corresponding Size

ICS(1) = 3 6
ICS(2) = 1 12
ICS(3) =1 6

Testing in this manner will continue until no more sizes in group ! car ‘.
eliminated (i.e., P8 is greater than R22 for each combination) er .ot
highest size (10 inches) is the only remaining size in group 1. A

point, group 2 1is assigned its minimum size of 6 inches (7% 0

ing will continue with group 2 until pressure requirerents .ir:

the maximum size of 12 inches remains in the grcup. Firal!

tested.

(3) Initializing queue of nonfuncticrnal ¢ -
initializes a queue of nonfunctional combinati.:.
tions of pipe sizes (up to 100 combination- S
the pressure requirement (i.e.,, P8 < R..°
in array IFS refers to the combinatiec:
subscript refers to the group -~urcter - .-
combination 1s less expensive t'.r
bination will be compared agai:<:
functional combination {« @ -+ ¢ .
sizes of the precent combir.
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L

h' pressure requirement either, There will be no need to check the pressure

A distribution for this size combination. Nonfunctional combinations are gener-
'$ ated by holding the size of one group at its maximum, while all other sizes

are reduced together, one size at a time, until a nonfunctional combination is
b encountered. Then the next group is kept at its maximum size, etc. The fol-
$ lowing example helps to illustrate the procedure. It is assumed that the fol-
)

-~

lowing sizes are assigned to groups 1 through 3:

-

} Group 1: 8 6 4
i, 2: 10 8

X 3: 12 10 8 6
fﬁ First, the size of the highest group number (in this example, group 3) is kept
;' at its maximum, and other groups are assigned the second largest pipe size,
\ then the third largest size. If a group reaches its minimum size before other
W groups, its size is kept at the minimum size., Size combinations corresponding
L' to ICS are shown below. (Subscript on ICS is the group number.)
Y

¥
:‘| Size Size
ﬁi Group # 1CS inches ICS inches

AY 1 2 6 3 4
[ 2 2 8 2 8
i¢ 3 1 12 1 12

28

A Then, the next group number (here, group 2) is kept at the maximum, d
14
o Size Size Size
‘” Group # ICS inches ICS inches ICS inches j
W 1 2 6 3 4 3 4
5 2 1 10 1 10 1 10
1 3 2 10 3 8 4 6

': Finally, group 1 is kept at its maximum, while the other group sizes are
.k reduced.
ey
®
4 Size Size Size

L4 Group # ICS inches CS inches S inches

1 1 8 1 8 1 8

. 2 2 8 2 ' 8 2 8
Ay 3 2 10 3 8 4 6
L)

s
;: This goes on until a few nonfunctional combinations are available,
e b. Subroutine ENUMER. After OPTINT has finished, return is made to
'o¢ OPTRUN where subroutine ENUMER is called to enumerate and test all possible
e combinations., ENUMER accumulates system cost and pumping cost, and compares
:\ these to the cost of the best functional solution, multiplied by the cost fac- )
% tor R23, the tolerance within which solutions are saved as possible Pareto

, Optimal., If the sum is larger than the product of R23 and C8, the combination
!; is not considered as a potential optimum, and the program accumulates cost for *
v,
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the next combination. Otherwise, the routine enters the test against the non-
functional system, and subroutine QUEU is called. If the combination passes
the test against nonfunctional systems, it undergoes a pressure test. Sub-
routine SIZE is called to assign pipe sizes according to array ICS, and then
subroutine OPTBAL, which in turn calls EQSOLV to determine pressure distribu-
tion. Based on the outcome of the balancing for all loadings, ENUMER may
update the best functional solution and the queue of Pareto Optimal solutions,
or the queue of nonfunctional solutions. Inclusion in the queue of Pareto
Optimal solutions is accomplished by calling subroutine SOQU. After enumera-
ting and testing, return is made to OPTRUN to call OPTERM.

Ty VS

c. Subroutine OPTERM. Once the optimal solution is determined, OPTERM
assigns the optimal combination of pipe sizes (stored in array IBS) to array
ICS and the water use distribution for the loading pattern that generated the
. lowest pressure to array DO. The routine then computes the pressure distribu-
. tion and prints the pipe sizes for the best functional solution as well as the
the sizes for the Pareto Optimal solutions. OPTERM calls on OPTBAL, which in
turn calls EQSOLV to update the pressure computations, PUMPH to update pres-

" sure computations, and RESUL to generate the list of sizes in the output
’ string, OUTP. Following execution of OPTERM, control returns to OPTRUN, and
then to OPTIMI to display the optimization menu.

- w

28-23. Printing Input Data. When PRINT OPT. DATA (ST(1:1)='2') 1is chosen
from the optimization menu, program control passes to subroutine OPTPRN where
1 the user's optimization data are printed. The group number and those pipes
, . (user numbers) that belong to the group are displayed. OPTPRN calls subrou-
tine OUT to store pipes in the output string, OUTP., OPTPRN then prints price
function number and pipes (user numbers) assigned to each price function. If
the pipes are not assigned to any price function, OPTPRN assigns them to the
default price function 1. Subroutine SIZEL is called to generate a list of
sizes to be printed so that sizes assigned to each groups may be displayed.
Loads and minimum pressures for all nodes that have been assigned a minimum
pressure and/or have an output different from the one used in the simulation
routine are printed. For links that are pumps, the efficiency is printed, as
well as the the percent time running for each loading pattern. Lastly, the
routine prints Hazen-Williams coefficients of cleaned lined pipes, and the
& pressure tolerance and cost tolerance used in the formation of the queue of
\ the Pareto Optimal solutions.

28-24, Storing Data. When storing optimization data, subroutine OPTIMI calls
subroutine OPTSTO. Optimization data are stored in a formatted, sequential
access file opened on device 1 under a name the user selects. On the first
line of the file, OPTSTO stores MUNU (the number of loading patterns), IGR
(the number of groups), R22 (the pressure tolerance), and R23 (the cost tol-
erance multiplier) using a 2I3,2E14.7 format. Stored next are the arrays XP
(minimum pressure) and DM (output for loading pattern) with a 4ELl4.7 spec-
ification. OPTSTO then stores the pump arrays, EF and PT (4E14,7 format),
occupying as many 20 rows, and 150 elements of the array SI (4E14.7 format).
The following line contains the number of sizes in each group, NS, and then
HWCC. Lastly, the routine stores the arrays IGROU and ICATE with a 10I3

- e v e -
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3 5-0.3000000E+01

0.5000000E+02
0.2000000E+02
-0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
-0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
~0.1000000E+11
0.5000000E+02
~0.1000000E+11
0.5000000E+02
0.1500000E+02
-0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
-0.1000000E+11
0.5000000E+02
~0,1000000E+11
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+C0
0.1000000E+03
0.0000000E+00
0.5000000E+02
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.1400000E+02
0.6000000E+01
0.0000000E+00
0.0000000E+00
0.1400000E+02

Figure 28-10.

-

0.1000000E+13
0.1000000E+13
0.1000000E+13
0.7000000E+02
0.1000000E+03
0.2000000E+03
0.2000000E+03
0.2000000E+03
0.0000000E+00
0.0000000E+00
0.3000000E+03
0.3000000E+03
0.3000000E+03
0.0000000E+00
0.0000000E+00
0.2000000E+03
0.1200000E+04
0.2000000E+03
0.0000000E+00
0.0000000E+00
0.3000000E+03
0.3000000E+03
0.3000000E+03
0.3500000E+03
0.5000000E+03
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+Q0
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.1200000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.8000000E+01

0.1030000E+01

0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
~0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
~0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
-0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
-0.1000000E+11
0.5000000E+02
-0.1000000E+11
0.5000000E+02
0.2000000E+02
-0,1000000E+11
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.8000000E+02
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+00
0.1000000E+03
0.0000000E+00
0.0000000E+00

0.6000000E+01
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.8000000E+01

Formatted file created with

L Ve
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0.1000000E+13
0.1000000E+13
0.1000000E+03
0.1000000E+03
0.1000000E+03
0.1400000E+03
0.2000000E+03
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.2100000E+03
0.3000000E+03
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.1400000E+03
0.2000000E+03
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.2100000E+03
0.3000000E+03
0.5000000E+03
0.5000000E+03
0.5000000E+03
0.000G000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.5000000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.6000000E+01
0.0000000E+00
0.0000000E+00
0.1600000E+02
0.8000000E+01

MUNU, IGR,R22,R23

XP,DM,XP,DM

EF,PT,PT,PT

SI Array

subroutine OPTSTO (Continued)
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0.0000000E+00
0.0000000E+00
0.0000000E+00
0.1000000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.00CO000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
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0.0000000E+00
0.0000000E+00
0.0000000E+00
0.1000000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+Q0
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000V00E+00
0.0000000E+00
0.0000000E+00

0 0 0 0 O
1 2 1 3 1
1 3 1 0 1

Figure 28-10,
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0.0000000E+00
0.0000000E+00
0.1800000E+02
0.1000000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+00
.0000000E+20
.0000000F +00
0.0000000:+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
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0.0000000E+00
0.0000000E+00
0.1600000E+02
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+)0
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+)0
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0 0 0 O O0.120E+03
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format specification., Figure 28-10 shows an example of a formatted file
created with OPTSTO., Optimization data on the file are taken from example 3
in the User's Guide. After storing the data, the program rewinds and closes
the file and transfers program control back to subroutine OPTIMI,

28-25. Retrieving Data. When the RETRIEVE OPT. DATA (ST(1:1)='4') option is
chosen, control passes to subroutine OPTRET, After prompting for the name of
a file on which the optimization data were stored with subroutine OPTSTO,
OPTRET proceeds to open the formatted file on device 1 and retrieves the data
using the same format specifications as OPTSTO. When opening the file, OPTSTO
tests to be sure the file is accessible, If it is not accessible, OPTSTO dis-
plays an error message. After reading, OPTRET transfers program control back
to OPTIMI where the optimization menu is displayed.

28-26, Cost Data. If the ENTER/MODIFY COST DATA (ST(l:1)='5') option is
chosen, control passes to subroutine COSTDA., Execution of this routine and
the ones it calls is described in paragraphs 28-12 through 28-17, The last
two options, PROGRAM CONTROL and TERMINATE PROGRAM, are described in para-
graphs 28-10 and 28-11, respectively,

Section 5., Extended Period (Time) Simulation

28-27. Introduction. When the user selects TIME SIMULATION (ST(l:1)='4"')
from the main program menu, WADISO calls subroutine TIMENU, TIMENU verifies
that the steady-state simulation data have been entered by checking that the
number of nodes in the system (0(2)) 1is greater than 1. If 0(2) is not
greater than 1, a message 1s displayed, and control returns to the main pro-
gram menu, Otherwise, TIMEIN displays the menu for the extended period simu-
lation, Based on the user's selection, TIMENU calls on appropriate
subroutines to carry out the extended period simulation operation. Fig-

ure 28-11 shows a general flowchart describing execution of the extended
period simulation routines. Paragraphs 28-28 through 28-34 document the por-
tion of the program code dealing with the options shown in the time simulation
menu.,

28-28. Data Input. After the ENTER, MODIFY DATA (ST(1:1)="1") option has
been chosen from the time simulation menu, TIMENU calls TIMEIN to read in the
time data, decompose the string containing the input, and assign numeric val-
ues in the input string to the extended period simulation parameters.

a. Reading of Input String, TIMEIN initially presents the keyword, con-
tained in KTYPE, as DURA in the time simulation prompt. The initial charac-
ters stored in the input string, ST, are analyzed to verify that they are
valid., If the input string begins with alphanumerical characters, a check is
made to verify that a valid keyword has been entered by comparing the first
four letters of the string against the valid keywords. If an invalid keyword
has been entered, the user is notified, and control returns to the input
prompt. Otherwise, the input string is decomposed.

28-26
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d, b. Decomposing of Input String. To decompose the input string, TIMEIN )
K} calls on subroutine DECINP. Passed into DECINP is the input string, ST, and
returned is the number of numeric values, L, and their values stored in the
‘N array VALUE as well as the keyword, contained in KTYPE, and the second keyword
(1f entered) as KTYPF. -
0
o c. Assignment of Data. After decomposing the input string, TIMEIN
¢t determines which keyword was entered and assigns the numerical values in the
v input string to variables associated with the keyword. TIMEIN tests the
) numerical values to verify that they are reasonable and that the correct for-
b mat for the keyword was used. After making assignments, control returns to
the input prompt, and steps a, b, and ¢ described above are repeated until the
‘? keyword END has been entered.
’

d. Ending Time Data Input. When keyword END is entered, TIMEIN tests 1if
D time steps and duration were entered. If they were not, TIMEIN defaults to a
duration of 24 hours with 24 time steps. Next, TIMEIN tests if any nodes were
not assigned to a loading pattern (IPAT (I) = 0, where I refers to the inter-
nal node number). If so, the default pattern of 1 1s used and loading factors
in array XLOF are assigned to the default loading factors in array XDEFAL.
Array LPAT, subscripted with the pattern number assigned to the node (IPAT),
is flagged with a 1 indicating that loading factors have been assigned to a
pattern (e.g., LPAT(2)=1 indicates that loading patterns for the second pat-
tern have been entered). Tank nodes are also checked to verify that upper and
lower water levels were entered and are reasonable (e.g., no upper limits
. smaller than lower limits) and that each tank has a cross-sectional area. If
no value was specified with the RATIO keyword, RATIO is set to 1. TIMEIN then
verifies 1f fire specifications are consistent by checking that the start of
) the fire is not later than the number of steps and that the end of the fire is
5 not later than the number of steps. The user is notified of any inconsistency
’ in the data. Next, 1f any pipes are to be excluded, TIMEIN verifies that the
ny ending time of exclusion, TEE, is later than the beginning time of exclusion,
TEB, and that both times are earlier than the total time, TMAX. Lastly,
i TIMEIN tests if pump data are correct. For pumps controlled by time, TIMEIN
verifies that the time at which the pump starts running is less than the dura-

RV o 2 LA

X

i tion and that the time at which the pump stops running is less than the dura-
: tion. For pumps controlled by tank water levels, TIMEIN checks if the tank

5 water levels turning the pump on and off are between the maximum and minimum
[ | water levels specified with keyword TANK. TIMEIN displays a warning message
I if any inconsistency in the pump data is found. Program control returns to
;i the time simulation menu.

28-29. Simulation. When BEGIN SIMULATION (ST(l:1)='0') is chosen from the
time simulation menu, TIMENU calls on TIMSIM to perform flow and pressure cal-
q culations taking into consideration pumps turning off and on, varying water
use patterns, fire flows, and fluctuations in water levels in tanks. A

? description of the steps involved in subroutine TIMSIM is presented here. The

steps are described in the order in which they take place in subroutine
v TIMSIM.

L

28-28
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a, Initial Closing of Pipes. TIMSIM calls subroutine PIPEX at the
beginning of the simulation to close pipes that are to be excluded at time
zero hours from the extended period simulation., PIPEX excludes pipes from the
simulation by assigning 1E10 to CP, the characteristic pipe coefficient, and
1E-10 to A, the entry in the coefficient matrix, so the routine that solves
the hydraulic equations, EQSOLV, will exclude these pipes from the system,

b. Initial Pump Controls. TIMSIM calls subroutine PUMPCO at the
beginning of the simulation to determine if pumps should be turned on or off,
Pumps are initially turned on or off based on the user's input with keyword
BEGIN, Variable PUBE is set to "ON" if the pump is initially turned on and to
"OFF" if the pump is initially turned off. For additional details on turning
pumps on and off, see paragraph 28-29j.

c. Updating Time Step. Variable ILC records the number of user-
defined time steps that have taken place, TIMSIM initially sets ILC to zero
and increments it by one prior to the first balancing in the extended period
simulation and every time the elapsed time of the extended period simulation
corresponds to the step size defined by the user,

d. Loading Patterns and Fire Flows. TIMSIM calls subroutine LOAD at
the beginning of each user-defined time step to multiply water uses by rela-
tive loading factors and to check for first flows at nodes. Loading factors
are entered in TIMEIN and assigned to the doubly subscripted array XLOF. The
first subscript refers to the time step, and the second to the pattern

- assigned to the water use node. When the time step counter, ILC, is
increased, LOAD multiplies the water uses at nodes by their respective loading
factors for time step ILC, If a node is assigned a fire flow for time step
ILC, array FF, the fire flow in cubic feet per second, subscripted with the
node assigned the fire flow, is added to the water use at that node. Array FF
is subtracted from the water use at the node (variable DO) when the ending
time of the fire, IDF, exceeds ILC.

e. Balancing., TIMSIM calls EQSOLV to compute heads at all nontank
nodes and flows through links. EQSOLV is used to balance steady-state
simulation, optimization, and extended period simulation. To indicate that
balancing is for the extended period simulation, TIMSIM sets variable IFOP to
-1 and passes it in the argument list to subroutine EQSOLV as a flag
indicating that balancing is for time simulation and not steady state or
optimization. (See paragraph 28-5b for additional details on balancing.)

f. Updating Total Time of Simulation. TIMSIM records the time of the
simulation, in minutes, with variable TOT. TOT is updated by a value of DT,
the internal time step. Initially, DT = 0.0l minute and TOT = -0,01 minute;
thus, after updating, TOT = 0 minutes. When TOT is updated after the next
balancing, DT has been determined by subroutine TIMSTE (see paragraph 28-29m).

g. Printout of Flows and Pressures. If the user has entered nodes or
links with kevwords PNODE and PLINK in subroutine TIMEIN, TIMSIM calls on
TSOUT to display flows through the specified link and pressures (or tank water

28-29
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elevations) at specified nodes, TSOUT also displays the time at which flows
and heads are printed. If (keyword DETAIL) printing of head at each time step
has been specified, TIMSIM calls TSOUT when the time of the simulation is
incremented with the variable time step DT.

h. Updating Water Levels of Variable-Level Tanks. To update water
levels in tanks, outflow from (or inflow to) a variable-level tank is needed.
TIMSIM calculates inflow or outflow (variable DO in cubic feet per second),
assumed constant over DT with this equation:

DO = (HE, - HE)/cB?** (28-2)
where
HE = total hydraulic head, feet
B = beginning node number of pipe connected to tank
E = ending node number of pipe connected to tank 1.85
CP = characteristic pipe coefficient, feet/cubic foot per second *

Outflow from a tank is indicated by DO < O0; DO > O indicates inflow to a tank.
After computing DO, TIMSIM updates the hydraulic head at all variable-level
tanks with this relationship:

HEB = HEB + DO*DT*60/ART (28-3)
where

DT = time step, minutes

ART = tank area assuming cylindrical tank, square feet

At the beginning of each user-defined time step, just after relative loading
factors have been applied to water uses, and at the end of each user-defined
time step, TIMSIM records tank heads under variable TAH., TAH is a doubly sub-
scripted array, with the first subscript corresponding to the tank number and
the second to the number of the time step.

i, Tank Controls. If the head at a tank node is greater than the
upper tank water level (variable UPL specified in TIMEIN) plus the elevation
of the tank node (i.e., tank is full) and water is flowing into the tank, the
link connecting the tank to the system is disconnected (closed) by assigning
1E20 to CP, the characteristic pipe coefficient. The link connecting the tank
to the system is also disconnected when the hydraulic head at the tank node
falls below the lower tank water level (variable XLOL) plus the elevation of
the tank node (i.e., tank is empty) and water is flowing out of the tank, If
a tank is disconnected full, it is reconnected when the hydraulic head of the
ending node of the link connecting the tank to the system is greater than the
hydraulic head of the beginning node of the link (the tank node). If a tank
1s disconnected empty, it is reconnected when water begins flowing into the
tank (i.e., the head at the ending node of the link connecting the tank to the
system exceeds the head at the beginning node of the link). When reconnecting
the tank, TIMSIM opens the pipe connecting the tank to the system by computing
a characteristic pipe coefficient with the Hazen-Williams equation.

28-30
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R cp = 4.72%L/ (" - B3xp*-87) (28-4)
a where
ST L = length of pipe, feet

4 HW = Hazen-Williams coefficient factor
K- . D = diameter of pipe, feet
R
:" j. Pump Controls. After updating tank heads, TIMSIM again calls
hf PUMPCO to check if pumps should be turned on or off. If a pump is controlled
s# by time, it is turned on when the total time, TOT/60, equals the time when the
: : pump turns on, TPB (in hours), and turned off when TOT/60 equals TPE, the time
ﬁ{ in hours when the pump turns off. Pumps that are controlled by pressure or
}“ tank level (i.e., "pressure control") are turned on when the hydraulic grade
o line at the node controlling the pump falls below the on level specified by
! the user in TIMEIN and turned off when the hydraulic grade line at the node
;: controlling the pump exceeds the off level specified by the user. The check

for pressure control is made after the time control check so that pressure
y control will override time control. When pumps are turned on, XL, subscripted
with the internal link number corresponding to the pump number, is set to 1l to

‘_ flag that the pump is on. The corresponding pump element in array A is com-
3 ] puted with this equation:
k1 A = 1.85/Vb% - 2ac (28-5)
>
,5' where
;, a = coefficient of squared term in the pump characteristic equation
14N b = coefficient of linear term in the pump characteristic equation
SN ¢ = constant in pump characteristic equation
P
! PUMPCO sets the pump element in the A array to zero for pumps that are off so
,f) that the balancing routine will consider no flow through the pump link.
ﬁ: k. Excluding Pipes. Just as TIMSIM calls PUMPCO to perform a check on
o' pump status after balancing, TIMSIM also calls PIPEX to check if it is time to
f exclude any pipes or if it 1is time for any previously excluded pipes (see
I paragraph 28-29a) to be included. PIPEX excludes (closes) pipes when TEB, the
v time in hours when a pipe closes, equals the total time, TOT, in minutes
,’l divided by 60. CP and A are assigned 1E10 and 1E-10, respectively, for closed
ps pipes. PIPEX includes (opens) pipes when TEE, the time in hours when a pipe
. becomes included, equals TOT/60. For open pipes, PIPEX recalculates CP with
:.? : the equation shown in paragraph 28-29i and assigns A to 1/CP. TEB and TEE are
o doubly subscripted arrays with the first subscript equal to the number corre-
¥ sponding to the order in which the pipe was entered and the second correspond-
:,‘ ing to the number of the pair of closed and open times.
o,i.
(
2ﬁ 1. Check for End of User Time Step and Beginning of Next. If a user-
?h ) defined time step is about to end or has just begun, TIMSIM calls LOWP to
ds record the lowest pressure and the node number where the lowest pressure
[ )
W
Y
)
) 28-31
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: occurred. TIMSIM also records the status of each pump in variable PUST., If .
the time step is almost over, program control returns to steps beginning in
paragraph 28-29c above. Otherwise, an internal time step, DT, is calculated.
f m. Determining Internal Time Step. TIMSIM calls subroutine TIMSTE to ’
" calculate the internal time step, DT. TIMSTE uses several equations to cal-
o culate an internal time step and chooses the smallest value as DT. If the
¢ computed DT is smaller than 2,5 minutes, it is assigned to 2,5. TIMSIM pre-
' dicts the time in minutes when a connected tank will become disconnected or
K when a pump controlled by tank level is to turn on or off with this equation:
":. DT = ART*(HC~HE)/(DO*60) (28-6)
)
[
) where
. HC = hydraulic grade line where tank becomes disconnected or, in the
. case of a pump, the hydraulic grade line of the tank controlling
' the pump where the pump turns on or off, feet
) HE = present hydraulic grade line of tank, feet
: DO = inflow to (cr outflow from) tank; inflow is positive, outflow is
negative, cubic feet per second
L
b Equation 28-7 predicts the time in minutes when disconnected tanks become
Y reconnected, or when pumps controlled by nontank nodes turn on or off,
h: DT = DTP*(HE-HC)/(HEP - HE) (28-7)
t
' where
DTp = previous internal time step, minutes
; HE = present hydraulic grade line of tank (or hydraulic grade line of )
! node controlling pump, feet
HC = hydraulic grade line where tank becomes connected or, in the case
of a pump, the hydraulic grade line of the node controlling the
K pump where the pump turns on or off (on value when pump is off,
: off value when pump is on), feet
o HE = previous hydraulic grade line of tank when DT_was the time step,
. or, in the case of a pump, the previous hydgaulic grade line of
. the node controlling the pump, feet
[}
. TIMSTE also uses Equation 28-~7 to predict when PRVs will change status. The
terms in the equation are defined this way:
9 HE = present hydraulic grade line of node immediately downstream of
the PRV link, feet
. HC = PRV setting, feet
. HE = previous hydraulic grade line of node immediately downstream of
. P the PRV link, feet
‘
To determine the time until time-controlled pumps or pipes will change status,
| TIMSTE takes the difference between the smallest on or off time greater than
. the total time of simulation and the total time of the simulation. TIMSTE
.', .
)
A 28-32
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performs a final calculation of the time step based on inflows and outflows to
tanks. This equation is used:

DT = DTP/(DD/DM) (28-8)
where
DT_ = previous variable time step, minutes (initially set to
P 2.5 minutes)

DD = absolute value of the greatest change in outflows from (or
inflows to) all variable tanks between the previous time step
and current time step, cubic feet per second

DM = greatest single outflow from (or inflow to) all variable-level

tanks, cubic feet per second

n., Final Qutput. When the extended period simulation is over (i.e.,
ILC > the number of steps, NSTEP), TIMSIM displays a table showing the time at
the end and beginning of a user-defined time step, the minimum pressure in the
system, the node number where the minimum pressure occurred, and tank water
levels in the system for each time.

o. Viewing of Flows and Pressure for a Time Step. TIMSIM undertakes
these steps to view flows and pressures for a time step:

(1) Calls PIPEX to reset characteristic pipe coefficients and
elements in the A array for all links to their original values.

(2) Excludes any pipes specified by user for indicated time step.

(3) Calls LOAD to assign relative loading factors to water use
nodes and assign any fire flows for the indicated time step.

(4) Assigns hydraulic grade lines, recorded in variable TAH, to
tanks in the system for indicated time step.

(5) Checks water levels in tanks with the maximum and minimum
levels to see if pipe connecting tank to the system should be closed.

(6) Assigns status, recorded in variable PUST, to pumps and turms
them off for PUST = -1,

(7) Calls EQSOLV to balance the system,

(8) Calls PRNOUT to display an output table showing flows through
all links and pressures at all nodes in the system.

28-30, Printing Time Data. When PRINT TIME DATA (ST(l:1)='2') is chosen from
the time simulation menu, TIMENU calls subroutine TIMEOT. TIMEOT prints the
simulation duration, TMAX, in hours; the time step size, TSLF, in hours; and
the number of time steps, NSTEP, TIMEOT tests if array LPAT, subscripted with
the pattern number, contains a 1 to determine which usage patterns contain
loading factors. Pattern numbers of usage patterns which contain loading

28-33
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factors are stored in array LIST. TIMEOT then prints the pattern numbers and
loading factors for each time step, Next, TIMEOT prints tank data comsisting
of NTANK, the tank node; UPL, the upper tank water level in feet; XLOL, the
lower tank water level in feet; ART, the tank area in square feet and HETI,
the initial tank water level in feet. If any fires were specified, TIMEOT
prints the node number supplying the fire flow, NFIRE; the starting time step
of the fire, ITF; the duration steps of the fire, IDF; and the fire flow,
FLOW, in gallons per minute. TIMEOT prints the numbers of the links that are
out of service contained in array IPEX. Next, the routine prints water use
node numbers (contained in array INO), excluding constant head nodes (i.e., DO
> 1E10), and usage patterns assigned to them. For pumps for which time con-
trol has been specified, TIMEOT displays the user's pump number, NPUMP; the
starting time step of pumping, ITP; and the ending time step of pumping, IDP,
If node pressure or tank water level control is specified, the level at which
the pump turns on, HEON, and the level at which the pump turns cff, HEOF, are
displayed. Lastly, the routine prints the user's node numbers and link num-
bers (array NUSR) that have been assigned for printout at the end of each time
step., After printing, control returns to the time simulation menu.

28-31. Storing Time Data. When STORE TIME DATA (ST(l:1)='3') is chosen from
the time menu, TIMENU calls STOTIM to store the extended period simulation
parameters. After prompting the user to enter the name of a file on which the
data will be stored, STOTIM proceeds to open the file as a formatted,
sequential-access file on device 1, On line 1 of the file, STOTIM stores
TMAX, the duration of the simulation; TSLF, the time step size; NSTEP, the
number of steps; and RATIO, the constant specified with keyword RATIO. STOTIM
uses a 2F7.3, 14, F7,3 format specification, STOTIM stores the number of
nodes, 0(2), and the number of the use pattern, contained in array IPAT,
assigned to each node using a 1614 format. Next, the number of loading pat-
terns, NP, and the loading factors, contained in array XLOF, are stored using
a Il, (5F7.3) format specification., After storing the loading factors, STOTIM
stores elements of the LPAT array with a 5I4 format specification, Fire data,
consisting of the number of fires (NF), fire flows (FF), starting time step of
fires (ITF), and ending time step of fires (IDF), are then stored using a Il,
(314, E16.,9) format, Tank data, consisting of the number of tanks (NTN), tank
ncde numbers (NTANK), upper tank water levels (UPL), lower tank water levels
(XLOL), tank areas (ART), and initial tank water levels (HETI), are then
stored using a 14, (14, 4E16.9) format, The next line of the file contains
the number of links that are to be excluded, ICPE, and their link numbers,
IPEX. STOTIM uses a 1614 format specification. STOTIM then stores the clos-
ing times, TEB, and opening times, TEE, for excluded links with a 12F6.2
format specification. The number of pumps (NPUC), their user numbers (NPUMP),
the user node number controlling the pump, and the initial status of the pump
(PUBE) are then stored using a 14, 5(214, A3) format specification. STOTIM
next stores the starting hour of pump running, TPB, and the ending hour of
pump running, TPE, using a 12F6.2 format specification. STOTIM then stores
the head turning pumps on, HEON, and the head turning pumps off, HEOF, using a
4E16.9 format specification., User link and node numbers, NUSR, that will have
flows or heads printed out are stored with a 10I4 formair., On the remaining
lines of the file, STOTIM stores the character arrays NOLI (containing NODE or
LINK) and UNIT (containing GPM, FT, PSI, or " ") using a 2(A4,A3) format,
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Figure 28-12 shows a formatted file created with STOTIM containing time data
o from example 6 in the User's Guide. After storing the data, STOTIM closes and
rewinds the file, and control returns to the time simulation menu.

bl
(T |
iy
.:','o', . 28-32, Retrieving Time Data. If the RETRIEVE TIME DATA (ST(1l:1)='4') option
A is chosen from the time simulation menu, control passes to subroutine RETIME
'f to retrieve the extended period simulation parameters. RETIME prompts the
A ’ user for a name of a file that was created with subroutine STOTIM. RETIME
! opens the file, rewinds the file, and reads the parameters using the format
:;'o specifications described in paragraph 28-31. TIf RETIME cannot access the
R file, an error message is displayed, and control returns to the time simula-
..‘: tion menu.
L]
&
I"‘.
R 28-33, Program Control. See paragraph 28-10.
v g P
LY
gt 28-34. Termination. See paragraph 28-11,
l)“.-‘
*3
B L
-2‘»;4
g
o
vy
"
) 24,000 1.000 24 1.000
¥ 13 0 o 0 1 1 11111011 TMAX, TSLF, NSTEP,
‘e 11,000 1,100 1.200 1.300 1.400 RATIO 0(2), IPAT
" A 1.500 1.600 1.500 1,400 1.300 Array NP, XLOF
A 1.200 1.100 1.000 0.900 0.800 Array
‘ 0.700 0.600 0.500 0.400 0.500
‘.. . 0.600 0.700 0.800 0.900
) ,: 1 [V} 0 0 LPT Array
) -":‘i 122 10 11 0.100000000E+04 NF, NFIRE, ITF,
AN IDF, FF
"? 3 25 0.130000000E+03 0.800000000E+02 0.20000000000E+04 0.1100000000E+03 NTN; UPL, XLOL, ART
* Arrays
9, o 2 0.150000000E+03 0.100000000E+03 0.200000000E+04 0.120000000E+03
9 0.000000000E+00 0.000000000E+00 0.100000000E+11 0.000000000E+00
e 0 ICPE
Au 1 9  20FF NPUC; NPUMP, NOPU,
] PUBE, Arrays
‘-';‘ -1.00 -1.00 -1,00 -1.00 -1.00 -1.00 -1.00 -1,00 -1.00 -1.00 -1.00 -1.00 TPB, TPE Array
Iy -1.00 -1.00
“: A 0.110000000E+03 0.140000000E+03 HEON, NEOF Array
2 25 10 12110 26 10 9 0 O NUSR Array
o NODE FTNODE FT NOLI, UNIT Arrays
Y NODEPS INODEPSI
B e LINKGPMLINKGPM
o L INKGPMLINKGPM

Figure 28-12, Formatted file created with subroutine STOTIM
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:\ : Section 6., Definition of Subroutines, Variables, and Parameters
LN

_ 28-35. Introduction. This section describes subroutines, variables, and
Qﬁ' parameters in the WADISO program. Paragraph 28-36 provides brief descriptions
;bJ\ of all subroutines used in the program; paragraph 28-37 defines variables in
o the WADISO program; and paragraph 28-38 describes when to modify the param-
K eters in the program,
9'!!0'
';\ 28-36. Subroutine Descriptions. Executive subroutines are called by several
bﬁ, subroutines and are presented first, followed by descriptions of steady-state
D simulation subroutines, cost subroutines, optimization subroutines, and
t,ﬁ extended period simulation subroutines.
iy
] 2
i'ﬂ a. Executive Subroutines.
e BLANK - Called whenever a blank line is entered by the user. Blanks
I will notify the user that input is required. Called by COSTDA,
.fi‘ INPCST, INPDAT, OPTIMI, OPTCST, OPTMOD, OPTRET, OPTSTO, RETCST,
‘¢% RETDAT, RETIME, SIMULA, STOCST, STODAT, STOTIM, TIMEIN, TIMENU,
hott and WADISO.
@
N DECINP - Called from subroutine INPCST (the cost input routine), from
o OPTMOD (the optimization input routine), or from TIMEIN (the
:,; extended period simulation input routine) to decompose the input
N ) string into keywords and numerical data.
L . )
! EQSOLV - Called from SIMBAL or OPTBAL to solve the continuity equations
;;: for unknown hydraulic heads. New coefficients in the matrix
B are calculated based on estimated flow rates computed from the
ﬁ. new heads. The routine is repeated until the desired pressure
gr: and flow accuracy are reached.
NN
D) JJ - A function called by INPDAT and DECINP to locate in the input
“'J string, ST, the first occurrence of character Tl (a blank) and
:f{ T2 (a comma) and return with the smaller of these two values.
f‘ KEYWRD - Called from SIMULA, INPCST, OPTMOD, and TIMEIN, KEYWRD; dis-
fa plays all keywords that can be used in the routine which calls
[ it., If a keyword has been entered followed by no numerical
;" data, KEYWRD is also called to display the correct format(s)
ae{ for the keyword.

»
%:' PARALE -~ When balancing a system, PARALE 1is called by subroutines

R SIMBAL, EQSOLV, and OPTBAL to locate links with the same begin-
® ning and ending nodes to add to the corresponding coefficients,
e A, in the coefficient matrix and to store the sum under the

:{ coefficient of the 1link with the higher internal link number

:} equal to zero.

.
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7*% TERMIN - Called from COSTDA, OPTIMI, SIMULA, TIMENU and WADISO to termi-
,““ nate the program. In addition, on the Cybernet, TERMIN prints a
- message reminding user to transfer local files to permanent

o storage.
S

o WADISO - WADISO is the main program. It displays the maximum node and

Qj ) pipe numbers, the maximum number of nodes and pipes, the program
% version, and the main program menu. Print controls also may be
:r- changed within WADISO. Transfer to COSTDA, OPTIMI, SIMULA,
#N TERMIN, or TIMENU is made based on the user's selection from the
:ﬁ& main menu subroutine (Figure 28-13),
l:::'

0...|
e
P

l‘
O
b \'
ke
"
: . COSTDA
R
&
- OPTIMI

* F)
R |
I3 s

-\._':‘ WADISO SIMULA

o

i
15U

o) TERMIN

3
:‘: TIMENU
"

1

’ Figure 28-13., WADISO executive subroutines i
It i
t
?“ b. Simulation Subroutines (Figure 28-14).
Q. -
;5@ ERROR - Called from subroutine INPDAT, when the user has miskeyed some

W data., Subroutine ERROR will display the appropriate error

P

!' message depending on the error made., Also, if only a keyword is
:gi entered with no data following, the correct format of the key-
e word is displayed with this subroutine.
SN

N
:qﬁ INPDAT - Called from subroutine SIMULA when entering a new job or from
o subroutine MODIFY when modifying a system. Reading, decompos-
‘P ing, and analyzing of the input string are accomplished.

w y g
e

I
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SIMULA

PARALE

NOTAHE

PRNOUT
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Figure 28-14.

EQSOLV
SIMBAL
PARALE
r_ ERROR
— KEYWRD
INPDAT
PIPECH
SIMRET
r—— MODIFY
—{ SIMSTO
PRNINP
NOTAHE
—{ PRNOUT
PITAHE
— RETDAT SIMRET
STODAT
TERMIN
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kk . MODIFY - Called from subroutine SIMULA when the modify option is chosen,
. MODIFY expands the node and pipe data into the original format
o used in the data input.
o8
r;; - NOTAHE - Called by PRNOUT, NOTAHE prints the table heading of the node
- table,
I
’% PIPECH - Called from INPDAT and checks whether a link with the same num-
is ber was previously entered. If so, new data are retained.
)
ot PITAHE - Called by PRNOUT to print the heading of the link table.
I'.'
:2b PRNINP - Called from SIMULA when PRINT INPUT option is chosen. Prints a
o node table consisting of node numbers, elevation, output, and
Cren comments indicating the constant head points. Also displays a
Wt link table with link numbers, beginning and ending nodes, pipe
:ﬁ. diameters, pipe lengths, Hazen-Williams coefficients; indicates
‘; PRVs, pumps, or check valves if present,
* 4
L PRNOUT - Called either from EQSOLV or from SIMULA when PRINT OUTPUT
option is chosen from the selection menu, Displays the node
%;; table consisting of node numbers, elevation of nodes, outputs,
shee elevation of hydraulic grade lines, heads, pressures, and com=-
'y ments to flag constant head nodes. In addition, prints a link
:J. table with link numbers, node numbers, diameters, lengths,
ot . Hazen-Williams coefficients, flows, velocities, and head losses.
. ..
“13 RETDAT - Called from subroutine SIMULA, RETDAT retrieves all data from a
N ) formatted file opened on device 1 which was created with subrou-
‘ { tine STODAT.
e SIMBAL - Called by subroutine SIMULA; initiates the balancing routine by
f{ creating the characteristics of the sparse matrix in two steps.
1 In step 1, all the user-defined links are entered into arrays Nl
",* and N2, Zero entries in the coefficient matrix, needed during
* : the Gaussian elimination procedure, are created in step 2.
'r"n
o) SIMRET - Called from subroutine INPDAT to retrieve the data stored on a
.‘ backup file; created by subroutine SIMSTO during the simulation
o input routine., Keying in "GET" will transfer control to this
2 subroutine. Also, SIMRET may be called from RETDAT when
Cj attempting to retrieve a backup file created during the modify
:; mode of the simulation routine,
SIMSTO - Called from subroutine INPDAT, after keying in "CREA,' SIMSTO
? ! stores node data, numeric link data, and job name on a format-
9 ted, sequential-access file opened on device 1. If a file name
'?‘; ) follows the keyword CREA, data are stored on that file name;
N otherwise, the name SYSDA is used.
‘o
-):.
’-
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Y STODAT - Called from subroutine SIMULA, when the user has selected STORE

DATA option, STODAT stores the job name, user numbers of begin-
ning and ending nodes, user numbers of links, user numbers of

¢ node, the total hydraulic head, output, elevation, coefficient
'Q matrix, characteristic pipe coefficient, pipe diameters,

o lengths, and Hazen-Williams coefficients on a formatted,

05 sequential-access file.

c. Cost Subroutines (Figure 28-15).

COSTDA - Subroutine COSTDA is called from the main program WADISO and

o subroutine OPTIMI, It prompts the user to enter new cost data
o or retrieve data, displays main menu for all cost options, and
;" transfers control to the appropriate subroutine depending on the
. option chosen.

"t

$n INPCST - Called from subroutine COSTDA, to display cost keyword prompt

o and read in cost input string. Assignments are made to vari-
;g ables based on the keyword entered,
S

L PRNCST - Prints the cost data, which include the pipe sizes, price per

x linear foot, energy cost, time period, and interest rate (used
ﬁ in determining the present worth of pumping cost); called from
" COSTDA when PRINT DATA option is chosen from the cost menu,

L]

" RETCST - Retrieves cost data, stored on a formatted file created with T
'“ subroutine STOCST, when the user selects RETRIEVE DATA option in

the COSTDA routine.

' DECINP

K>, INPCST KEYWRD

_' PRNCST
- PRNCST

R COSTDA RETCST

v\
‘ STOCST

f; TERMIN

" Figure 28-15. Cost routine
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:a STOCST - Called from COSTDA to store all cost data on a user-selected
g file name as a formatted, sequential-access file opened on

. device 1, Number of sizes, number of price functions, pipe

S sizes, price per linear foot, energy cost, number of years, and
.:. : interest rate are all stored.

d. Optimization Subroutines (Figure 28-16).

. COSTDA - Called from subroutine OPTIMI, when ENTER/MODIFY COST option has
0#' been chosen and further described under the COST subroutine

:ﬂ descriptions,

e

O

;s: ENUMER - After the routine OPTINT has been executed, ENUMER is called

)

B from OPTIMI to continue with the optimization process. ENUMER
enumerates and tests all possible combinations, System cost and
0" pressure distribution are also determined.

o INTER - Called from subroutine ENUMER, Prints the best solution.

L7,V

= OPTBAL - Called from subroutines OPTINT, ENUMER, AND OPTERM, to initial-
X ize diagonal members in the matrix (S array) and the right-hand
Hp side of the continuity equation (G array). OPTBAL will call

' EQS.LV to calculate the pressure distribution.

k& OPTINT - Called from subroutine OPTRUN, when a system is to be optimized.

. . Subroutine OPTINT accumulates cost of combinations, Pipe or
cleaning/lining cost is determined and sizes are sorted; dupli-
cate sizes and sizes that are more expensive than the next
larger size in the group are eliminated., In addition, OPTINT
tests whether some small sizes in each group can be ruled out.
All groups but one are assigned their maximum sizes, and the
group to be tested is assigned the smallest size., If pressure
requirements can be met for all loading patterns, the smallest

) ‘I '! ‘l
v"v"-“i" v

R
\/

$~ size cannot be eliminated; otherwise, it can be. Lastly, OPTINT
r: stores combinations of pipe sizes that did not meet the pressure
K2 requirements.
f~
o OPTERM - After the optimum solution has been found, OPTERM is called from
» OPTIMI. The routine assigns pipe sizes of the functional combi-
h nations to array ICS and water use rates for the pattern which
~ generated the lowest pressure to array DO. Pressure distribu-
>, tions are recalculated, and pipe sizes, cost, and pressures for
:'\ the best functional solution as well the Pareto Optimal solution
ry are displayed.
'5: OPTIMI - Called from the main program WADISO, OPTIMI initializes optimi-
s zation variables, displays the optimization option menu, and
i: transfers control to subroutines depending on option selected by
) the user,
N
5.
w3
b
$-.'
2,
5 28-41
"
¥ '
.L
f;

k3 ¢
g%

..’. <~ g".‘ \l’ .."i,--I-;-
..dh,o!ﬁﬁﬁ.' &.M l.'o A% % 0% 6% - Py .a.“q“‘-.-.th‘uﬂﬁhdbuﬁ

-



EM 1110-2-502
Part 2 of 2
" Change 6

. .'e —— OPTBAL

-

PARM L

R INTER —{ RESUL
V?" J

ot —  PUMPH

R COSTDA
o [ QUEU

( DECINP —  RESUL

S — OPTMOD [—

l‘ KEYWRD ENUMER SI1ZE
v

l’;' — OuT SOQuU

. — OPTPRN
oy

ot TROUBL RESUL
' SIZEL

EQSOLV
OPTBAL .
< OPTRET

PARALE

ue OPTIMI — PumPH

W) OPTRUN OPTINT
".' — SIZE

A soQu
Al

8, EQSOLV
Kn) — OPTSTO

K OPTBAL

{ PARALE
. ] PUMPH

" PUMP OPTERM
s

X RESUL
w

-

i SIZE

0. TERMIN '
a0 SIMBAL

Figure 28-16, Optimization routine
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Called when the user has selected MODIFY OPT. DATA option from
the optimization menu in OPTIMI. OPTMOD handles entering of the
optimization keywords and numerical data. Also, checks to see
that entered data are valid,

When user chooses to print the optimization data, OPTPRN is
called from the subroutine OPTIMI. It displays the group
assignments with pipes in each group, the price functions, size
assignments, loading patterns, pump efficiency and time running,
coefficients for cleaning, pressure tolerance, and cost
tolerance,

Called from subroutine OPTIMI, OPTRET retrieves the optimization
data from a file created with OPTSTO,

Called from OPTIMI when a syvstem is to be optimized, OPTRUN's
purpose is to call the subroutines OPTINT, ENUMER, and OPTERM to
accomplish the optimization. OPTRUN will also call SIMBAL if
the system has not yet been balanced.

Called from subroutine OPTIMI, stores the optimization param-
eters on a user-selected file, Parameters include number of
loading patterns, number of groups, pressure tolerance, cost
multiplier, minimum pressure, percent time running of pump,
percent efficiency of pump, pipe sizes in group, number of sizes
in group, and the Hazen-Williams coefficient for cleaned/lined
pipes.

Called from OPTPRN, OUT places the user link number of the links
with internal link numbers, IL, into the output string as the
L entry.

Called from subroutine OPTIMI, finds zones within a network that
are fed by a single pump and do not have a constant head node.

Called from subroutines OPTINT, ENUMER, and OPTERM, PUMPH shifts
the pressure level in zones as determined in subroutine PUMP
such that the lowest pressure is equal to zero,

Called from subroutine ENUMER, tests a size combination against
combinations that were previously tested and failed to meet the

pressure requirements.,

Called from OPTERM and TROUBL, RESUL puts the size of each group
into the output string, OUTP,

Assigns the proper sizes to the array, DI, for each pipe to be
sized, in accordance with the size numbers stored in array ICS,
Called from OPTINT, ENUMER, and OPTERM.
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SIZEL -~ Called from OPTPRN, SIZEL assigns all sizes in one group to
string OUTP.

SOQU - Called from OPTINT and ENUMER, tests whether the combination ICS
is Pareto Optimal; 1f it is, SOQU eliminates other combinations
previously stored in the solution QUEU which are now no longer
Pareto Optimal,

TROUBL - Called from ENUMER to tell the user that a combination has
failed due to a particular pump.

e. Extended Period Simulation Subroutines (Figure 28-17).

LOAD - Called by TIMSIM to add fire flows to water outputs at nodes
that were assigned fires in subroutine TIMEIN and to multiply
water uses at nodes by their relative loading factors.,

LOWP - Called from TIMSIM at the end of a time step to record the low-
est pressure in the system and the node at which the lowest
pressure occurs,

PIPEX ~ Called by TIMSIM to exclude links from an extended period simu-
latlon by assigning characteristic pipe coefficients of 1EI10 and
entries in the coefficient matrix of 1E-10 to those links that
are to be excluded.

PUMPCO - Called by TIMSIM to turn pumps on or off depending on time con-
trol or pressure control., Pressure control will override time
control, Pumps that are turned on are flagged with a "1" stored
in array XL, subscripted with the internal pump number. A "-1"
in array XL for a pump link indicates the pump 1is turned off,
and the entry in the coefficient matrix, A, is set to zero.

RETIME - Called by TIMENU to retrieve time simulation data from a file
that was created with STOTIM,

STOTIM ~ Called by TIMENU to store the time simulation data. Data are
stored on a name specified by the user as a formatted,
sequential-access file opened on device 1, STOTIM stores the
duration, time step, number of steps, water use ratio, loading
factors, water use patterns, fire flow data, tank data, user
link numbers of pipes that are to be excluded, and data for
pumps being controlled by time and water level,

STRING - Called by TSOUT to place in a string beginning and ending node
numbers of links for which flows are being displayed in TSOUT.

TMPRAR - Called by TIMENU right before and after TIMENU calls TIMSIM.
When TIMENU calls TMPRAR before entering TIMSIM, TMPRAR assigns
water uses and tank node elevations to temporary variables and
converts variables UPL, XLOL, HEON, and HEOF to hydraulic heads.
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I RETIME

Yy STOTIM

TMPRAR

'~ TERMIN

iy TIMENU

. DECINP
' TIMEIN

KEYWRD

)' TIMEOT

'[,\ EQSOLV PARALE

FIRE

;“. 4 TIMSIM LOWP

g PIPEX

N, . PUMPCO

TIMSTE

:3’ . L—— Tsour l—[smw?’
!

~ Figure 28-17. Extended period simulation routine
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'y After returning from TIMSIM, TMPRAR assigns the temporary vari-
’Qt ables back to the original water uses and tank node elevations

so steady-state simulation will give some results,

v
N . TIMEIN - Called by TIMENU when entering time simulation data to display
:‘; keyword prompt, read in the time input string, analyze the input
.55 string, and make assignments to time variables based on the
ol keyword.
ﬂ} TIMENU - Called from the main program, WADISO, when a time simulation is
:{ to be executed. TIMENU displays the menu for time simulation
s operations and transfers program control to the appropriate sub-
Lk routine based on the option chosen by the user.

TIMEOT - Called from TIMENU to print the time simulation data. TIMEOT

o prints simulation data, time step size, number of time steps,
5& ratio of outputs from simulation, tank data, fire data, links
:“ out of service, and node usage.
XA
AN
Jkn TIMSIM - Called from TIMENU to carry out calculations involved with the
[ ) extended period simulation. TIMSIM varies tank water levels
- over time, multiplies water uses by loading factors based on the
- time step, controls running of pumps, and increments the time of
2 the siwulation,
b TIMSTE - Called by TIMENU to assign the variable time step, DT, based on 4
’ a ratio between the largest absolute change in flow into or out
k{ of tanks between the previous and current time step and the max-
,j imum flow into or out of tanks for the current time step.
b
04
u} TSOUT - Called by TIMSIM to display tank water levels in feet for nodes
i which are tanks, pressures in pounds per square inch for other
) nodes, and flows through links in gallons per minute for those
(" nodes and links which the user has specified in TIMEIN, Output
:V is given at the end of each time step.
B
o 28-37. Definitions of Variables. This paragraph defines variables used in
o] the WADISO program., They are presented in alphabetical order.
[
l"
0 SUBROUTINE
. VARIABLE OR 4
6 NAME / COMMON/ DEFINITION UNIT
he A(IA) /PIPES/ Entry in coefficient
i matrix,
)
" A RESUL Fractional part of SI,
K
P
&
A
!
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O Change 6
¥yl
N
" ‘ SUBROUTINE
- VARIABLE OR
o) NAME / COMMON/ DEFINITION UNIT
A% 30
-';;.- ART(20) /TIME/ Tank Area. ART(1)=1000 sq ft
o o indicates first tank
:“.' entered has an area of
}{ié - 1,000 square feet,
)
KR BESTP /REALS/ Lowest pressure in best psi
:\ . combination.
l‘.l
5
’&g' BNS TSOUT String containing beginning
e user node number of link
! assigned for printout,
~ COST(25,12) /COST/ Price per linear foot. $/ft
z\ﬁ COST(3,1)=10,8 indicates
Al 3rd size in price function
ﬂﬁf 1 is $10.8/foot.
9
o CP(PNL) /PIPES/ Characteristic pipe coef-
P ficient or pump indicator.
"
':;: c3 EQSOLV Conversion factor from gpm/cfs
'Yy INPDAT gallons per minute to cubic
‘ . SIMBAL feet per second (448.831),
N TIMSIM
[N
b
“f: C4 EQSOLV Sum of absolute head adjust- ft
J Yo ments for previous iteration
R
) c8 /REALS/ Cost of best combination. $
|.i' #
ey c9 OPTINT Cost of latest combination. $
.,‘0‘: »
Wi D EQSOLV Flow rate. cfs
K3
® DD0O(20) TIMSIM Flow rate into or out of cfs
g TIMSTE tanks from previous time
R J‘:‘: Step.
",
-
P
:’b ' DECL OPTINT Equivalent pipe diameter ft
B 5{ in case of cleaning,
0. :
’IE; DMIN OPTINT Smallest equivalent pipe ft
it diameter in group for
D cleaning.
Lol
¥ ,-a
-
"u':;l
Bt
:.,.‘. 28-47
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;%J Change 6
i
N SUBROUTINE
N VARIABLE OR
’ NAME /COMMON/ DEFINITION UNIT
[ e —————
\iz DI (PNL) /PIPES/ Pipe diameter or coefficient ft
XN of linear term in pump head
A curve, Subscripted with
?*: internal link number after
’;)' compressing, user link num-
4 ber before compressing.
.ff DI(3)=1 indicates link with
M- internal number of 3 has a
“k diameter of 1 foot.
O
B DIFF PRNINP Difference between hydraulic ft
. . grade line and node eleva-
ﬁb tion for tanks.
g
:Q DM TIMSTE Maximum inflow or outflow in cfs
~ tanks in an extended period
vy
® simulation.
'
it- DM(5,PNL) /ARRAYS/ Output for loading in optimi- gpm
- zation. First subscript is
':Cj loading number; second is
e internal node number,

v DM(2,5)=100 means node with

A an internal number of 5 and
v loading pattern of 1 has been
_ assigned an output of

b 100 gallons per minute.

zj' DO (PNL) /NODES/ Water use in simulation gpm
N or tank water level.
Subscript is internal node
: number after compressing,
:ﬁ* user node number before
N compressing. DO(3)=100
A 3
® after compressing indicates
. node with internal number
i}: of 3 is assigned an output
oS of 100 gallons per minute.
5
h :: DO (20) TIMSIM Flow rate into or out of cfs
%, _' TIMSTE tanks for current time step.
.
)
v
O
o
'J":n i
i |
Q.E :
,f :
N 28-48
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SUBROUTINE
VARIABLE OR
NAME / COMMON/
DOTMP (PNL) TIMENU
TIMSIM
TMPRAR
DT TIMSIM
TIMSTE
Dl PRNOUT
EF (PNL) /ARRAYS/
EL(PNL) /NODES/
ELE PRNOUT
ELTMP (PNL) TIMENU
TIMSIM
TMPRAR
ENCO /COST/
ENDTM TIMSIM
TIMSTE
ENS TSOUT
FAC OPTINT,
OPTRUN
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Part 2 of 2

Change 6

DEFINITION UNIT
Temporary storage for water cfs

use at each node. DOTMP(l)=
100 indicates water use at
node with internal number of
1 is 100 cubic feet per
second,

Variable time step.

Flow through pump.

Pump efficiency.
Subscript is internal
link number.

Node elevation,
Subscript is user's
node number before com-
pressing, internal node
number after.

Node elevation,

Temporary storage for
elevation of variable level
tank, ELTMP(l1)=100 indicates
variable level tank with
greatest area has an eleva-
tion of 100 feet.

Unit price of energy.

Remainder of total time, TOT,
divided by TSLF*60,

String containing ending user
node number of link assigned
for printout,

Multiplier for conversion

of annual cost to present
worth.

28-49
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Part 2 of 2
Change 6
SUBROUTINE
VARIABLE OR
NAME / COMMON/

FF(5) /TIME/
FLAC /Accu/
G(PNL) /NODES/
HC TIMSTE
HDE TIMSTE
HE (PNL) /NODES/
HEOF (20) /TIME/
HEON(20) /TIME/
HETI(20) /TIME/

W l s
4y (2 e 0
"’."n\..(la'. V! "";' 'n". " '1‘.'0“34‘ Se SQ.‘CQ‘ 0‘ ,. ,‘. "\... ,ﬂ ), g X 'a.‘ ¢ ‘

\
ot W, e

DEFINITION

UNIT

Fire flow in time simu-~
lation FF(1)=100 indicates
fire flow for the first
fire entered is 100 cubic
feet per second.

Accuracy to which flow
will be computed to, when
balancing a system with
subroutine EQSOLV,

Right-hand side of
continuity equation.
Subscript is internal
node number,

Hydraulic grade line at node
controlling where pump turns
on or off, or when tank
becomes connected or
disconnected,

Hydraulic grade line, from
previous time step, control-
ling pump, PRV, or tank,

Total hydraulic head.
Subscript is user node
number before compressing

and internal node number
after compressing. HE(2)=100
after compressing indicates
node with internal number of
3 has a total hydraulic head
of 100 feet,

Water level when pump turns
off.

Water level when pump turns
on,

Initial tank water level
HETI(1)=100 indicates first
tank entered has an initial
water level of 100 feet,

28~50
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Change 6
S SUBROUTINE
A VARIABLE OR
ok NAME /COMMON/ DEFINITION UNIT
W
$¢$ .. HSET EQSOLV Hydraulic grade line below ft
PRV
‘p .
1:,'::
S0 HW(PNL) /PIPES/ Hazen-Williams coefficient
' HW(3)=120 indicates link
0 internal number of 3 has a
‘Né coefficient of 120,
!
l"
" HWCC /REALS / Hazen-Williams coefficient
St for cleaned/lined pipes.
-?' HWMA /ACCU/ Default value of Hazen-
r Williams coefficient.
)
9
:'5 HO(3) INPDAT Temporary array for pump fe
;".h head.
9
;$$ H1 PRNOUT Pressure head and head ft
h?l TIMSIM differential in link.
o
.sg H2,H3 INPDAT Temporary variables. ft
o...
: I Several Do loop counter.
E's'.'
gl
T IA Parameter Dimension on array A(IA).
L)
;g?) 1B EQSOLV Column number of entry 12
‘/:'jﬁ on line I.
A IB INPDAT Temporary storage for IBI
; N array.
F‘
:\€ IBE(PNL) /TOPOL/ User number of beginning
(Ve W nodes. After node data
® have been compressed, the
}} subscript is the internal
R link number. IBE(4)=121
e indicates beginning node of
3:3 internal link number 4
Tt has a user number of 121.
0.
;';J IBEG TIMEIN Beginning time step of usage.
v "7
t -
::5 IBEG TIMEIN Beginning node on range.
"w'
i
}:q
N,
]
" 28-51
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Part 2 of 2
Change 6
SUBROUTINE
VARIABLE OR
NAME / COMMON/
IBI(PNL) /TOPOL/
IBS(15) /SOLUT/
1Bl SIMBAL
IC INPCST
ic sSoQu
ICA OPTPRN
ICATE (PNL) /INTEGR/
ICcL /ACCU/
ICNT OPTPRN
ICOM ENUMER
ICPE /TIME/

DEFINITION

UNIT

Internal beginning node
numbers, Subscript is inter-
nal link number. IBI(3)=10
indicates link with internal
number 3 has beginning
internal node 3.

Portion of array ICS
containing the best
combinations., IBS(1l)=3
indicates the third size in
in group 1.

Internal beginning node
number of link I,

Temporary storage for
price function.

Flag: 1 indicates that a
previous entry was removed,

Indicator of price functions
used in the optimization.

Array containing price
function assignments,
Subscript is internal link
number, ICATE(2)=1 indicates
pipe with second internal
number is assigned to first
price function,

Maximum number of iterations,
ICNT=1 indicates printing of
pump efficiency and time

running.

Number of combination being
tested,

Number of numeric values
following keyword EXCL,

28-52
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SUBROUTINE
VARIABLE OR
NAME / COMMON/
ICS(15) OPTINT
ENUMER
IDF(5) /TIME/
IDTL /TIME/
IE INPDAT
IE EQSOLV
SIMBAL
IEN(PNL) /TOPOL/
IEND TIMEIN
IEND TIMEIN
IEI(PNL) /TOPOL/
IEl SIMBAL
IEX TIMEIN
1EXP TIMEIN
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EM 1110-2-502
Part 2 of 2
Change 6

DEFINITION

UNIT

Combination array for
sizes, ICS(3)=2 indicates
the second size in group 3.

Duration time step of fire.
IDF(2)=1 indicates second
fire entered has a duration
of 1 time step,

Flag: 1 indicates detailed
printing of time steps is on.
0 indicates no detailed
printing.

Temporary variable to store
one element of IEI array.

Temporary storage for
element of G array.

User number of ending nodes.
IEN(5)=33 indicates ending
node of internal link 5 has
a user's number of 33.

Ending time step of usage.
End node on range.

Internal ending node

numbers, Subscript is
internal link number,
IEI(3)=9 indicates link

with internal number 3

has ending node with internal
number 9,

Internal node number of
link I, (Column number in
matrix,)

User node or tank number,

User pipe number to be
excluded.

28-53
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% : Change 6
N
|.
K SUBROUTINE
. VARIABLE OR
, NAME / COMMON/
!"
ik I1 TIMEIN
»
i
R IF OPTPRN
]
O
.‘.!'.
L
BY 1FLAG ENUMER
'..
l::.
-
o~ IFLAG OPTINT
2 OPTRUN
ey
it

k)

®
Y

: IFLG RETDAT
A INPDAT
» SIMRET
¥
o IFLGG STODAT
4
i

¢
D

i 1FOP EQSOLV
D) OPTBAL
» SIMBAL
e TIMSIM
o
A

]
'\
b
- IFS(100,15) ENUMER
A OPTINT
®
w

oy
[

e

i
Kor

o

¥
"

.

®
Y

SO AN Y \ MR 30 X N RIS e e,
N 0'1.‘.‘u e VAT n‘!'n".t‘t'a‘."‘:'u' (ol 120 R GTI Wt N R GRS

DEFINITION UNIT

Temporary variable, first
subscript of XLOF,

Position of price function
in ICATE, starting at
position IL,

Flag: 1 indicates that
pressure for a particular
combination has not

been calculated,

Flag: 1 indicates error
was encountered in OPTINT
and tells OPTRUN to return
to optimization menu., O
indicates no error.

Flag: 1, return is made to
input prompt following
retrieving of data, instead
of simulation menu,

Temporary for 0(4), the flag
indicating setup of sparse
matrix.

Flag: 1 indicates system

is to be balanced for
optimization. O indicates
system is to be balanced

for steady-state simulation,
~1 indicates system is to be
balanced for extended period
simulation, 999 indicates
system cannot be balanced for
extended period simulation,

Array containing size
combinations which failed
to meet pressure require- B
ments, IFS(3,5)=4

indicates third combination

in fifth group is the fourth

size,
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]
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N
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’ IF3 OPTINT
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U
o IG OPTMOD
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L
::'a,: IGROU(PNL) /INTEGR/
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oY)
)
s
i«
U
o 19 STODAT
9) RETDAT
"0;.'0
e IL OPTMOD
i
oy ILC FIRE
" LOWP
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Part 2 of 2
Change 6

DEFINITION UNIT

Flag: 0 indicates not all
groups at minimum size,

l indicates all groups at
minimum size.

Flag: O indicates minimum
pressure less than zero;
!, larger than or

equal to zero.

Flag: O indicates minimum

pressure larger than or equal
to the pressure tolerance; 1,
less than pressure tolerance,

Numeric value that is part
of keyword (group number).

Number of groups.

Array containing group
assignments, Subscript

is internal link number.
IGROU(3)=2 indicates pipe
with internal number of 3 is
assigned to group 2.

Do loop counter.

Temporary storage for II,

Counter of time steps for
loading patterns.

Time step of loading factor
assigned when viewing flows
and pressures at a time step.

Maximum number of entries
per matrix line,
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B Part 2 of 2
{q Change 6
i
)
'ﬁ SUBROUTINE ¢
' VARIABLE OR
. NAME /COMMON/ DEFINITION UNIT
" ILP(57) LOWP Internal node with lowest
g TIMSIM pressure at end of time
g: step ILP(3)=7 indicates node
? with internal number of 7
: had the lowest pressure at
. end of time step 3.
i..
N IN ERROR Sum of INl, IN2, and IN3.
32 INCL TIMEIN User link number to include.
ol
s INO(PNL) /TOPOL/ User node number. Subscript
‘: is internal node number,
a
: INOD TIMEIN User node or tank number.
4,
INTANK (20) TIMEIN Flag: 1 indicates pump is
- controlled by tank level.
: IN1,IN2, ERROR Positions of keywords in
oy IN3 test strings KEYl, KEY2,
ﬁ and KEY3. «
INUM TIMEIN Number of values entered
. with keyword USAG.
L~ «
B~
8 1p DECINP Position of period in ST,
R INPDAT
. IP PRNOUT Page number.
o
Yy
K 1P SIZE Link number of element
:; to be cleaned.
‘i
i IPAT(PNL) /TIME/ Use pattern, IPAT(2)=5
indicates second node is
; assigned to use pattern 5.
- IPE /PRINT/ Print control; 1 indicates
§~ responses will be echoed.
¢
-3 IPEX(15) /TIME/ User link number to exclude.
:2 IPEX(2)=9 indicates user
o) link 9 was the second link
0 to be excluded,
»
0
-
D
d
v 28-56
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;“4 Change 6
L) <
N
e SUBROUTINE
. VARIABLE OR
b NAME / COMMON/ DEFINITION UNIT
“\f IPI(LNL) /TOPOL/ User number of links.

:3 Subscript is internal link
\i number. IPI(3)=5 indicates
x> user link 5 has internal
Y number 3.
A

’l
'.:-;. IPK1 INPCST Position of KTYPE in IKEYI,
".):

_ IPM /PRINT/ Print control; 1 indicates

L menus are to be printed.

" IPP /PRINT/ Print control; 1 indicates

:k: prompts are to be printed.

sy

e IPR /TIME/ Flag: 1 indicates printing

j$; of flows and pressures at the

Y beginning and end of each

f& time step.

\ :k IPRS TIMSTE 1 indicates PRV in system,

1y

R IPRV TSOUT Number of PRVs assigned for

’ printout in an extended

N period simulation,

-

IPUMP TIMEIN User link number of pump

qﬁ (temporary storage),

l'-

D) 1Pl PRNOUT User link number,

‘!' L)

" 1Q QUEU Flag: O, pressure

W distribution will need to

) k‘ be evaluated; 1, pressure

A computations can be skipped.

T;\ ISCOT KEYWRD Flag: 1, 2, 3, or 4 tells

o KEYWRD to display simulation,

je cost, optimization, or time

, " keywords, respectively. 10,
20, 30, or 40 tells KEYWRD to

0. display keyword formats for

. simulation, cost, optimiza-

"f: tion, or time, respectively.

2
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Part 2 of 2
Change 6
SUBROUTINE
VARIABLE OR
NAME /COMMON/
ISP(14) /ARRAYS/
1SQ /INTEGR/
1S8S(20,15) /SOLUT/
ISTP TIMEIN
ISUB LOWP
1T PRNOUT
1T SIMBAL
ITC TIMSIM
ITF(5) /TIME/
ITFL TIMSIM
TSOUT
ITFL1 TIMSIM
TSOUT

DEFINITION UNIT

Pattern number that
caused minimum pressure.

Number of combinations in
array 1ISS.

Pareto Optimal combination
array for sizes. First sub-
script refers to combination
number; second subscript
refers to group number,
1S5(2,3)=4 indicates fourth
size of group 3 is combina-
tion 2,

Flag: 1 indicates
default time steps and
duration will be used.

Subscript for arrays XLP and
ILP. 1ISUB-ILC at the end of
each time step and
ISUB=2#TILC-1 at the beginning
of each time step.

User node number and
temporary variable,

Temporary storage for IEl
variable,

Counter of time steps to

serve as subscript in array
PUST to record pump status.
After simulation, used as time
step when tank levels change.

Starting time step of fire.

ITF(2)=3 indicates starting

time of second fire is third
time step.

Flag: O indicates all tanks
in system have drained.

Flag: O indicates all tanks
in system have drained.

28-58
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‘3: Change 6
l."
o
I SUBROUTINE
. VARIABLE OR
. NAME / COMMON/ DEFINITION UNIT
't
29 ITN TIMSIM Number of tanks defined for
> TIMSTE an extended period
o simulation,
A
v ITNC TIMSTE Number of constant head tanks
o defined for an extended
o period simulation,
tﬁ ITNK TIMSTE Flag: 1 indicates pump is
"y controlled by tank water
- level, O indicates pump is
] not controlled by tank node,
s ITN TIMSIM Number of tanks with
) TIMSTE variable tank levels.
B
§
® IUSE TIMEIN Use pattern,
K
: IVAL TIMEIN Difference between
:. beginning and ending
S} time step plus one.
1..'
W EQSOLV Number of node with
3 pressure P8,
s
vﬁ: . IWO EQSOLV Number of node with
"Wy pressure P88,
0
N4
10 OPTINT Do loop counter.
D¢
N 10 SOQU Temporary variable, entry
K number in queue.
55 100 OPTINT Counter used as second sub-
script in TC and SI arrayvs,
L)
.
- 100 sSoQu Number of entries in queue.
B
S
f: I1 SIMBAL Link number, entry number,
Y
‘ Il EQSOLV Link number, node number.
)
:Z 12 EQSOLV Entry number on line I
¢; SIMBAL of matrix.
)
by 12 OPTINT Temporary storage (size
3 number).
)
) 28-59
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R Part 2 of 2
Wy Change 6
W
5
Vg
' SUBROUTINE
K VARIABLE OR
. NAME / COMMON/ DEFINITION UNIT
1]
K ﬁ 13 EQSOLV Do loop counter.
W SIMBAL
L& )
w I3M EQSOLV Node number with maximum
v head adjustment.
)
ﬁ: 14 EQSOLV Temporary storage for
jb for element of N2 array.
o 14M EQSOLV Node number with maximum
’ flow imbalance.
oy
B IS5 EQSOLV Running nonzero entry
-z, SIMBAL number on matrix line IBI,
g
}5 16 EQSOLV Iteration counter,
3
L
;*d 16,17 SIMBAL Temporary variables,
L
' 166 TIMSIM Number of times program
Ay attempts to balance a system
_? that will not converge in
’ an extended period simula-
) tion. Two times is the
" limit, with ICL iterations
> performed each time,
.
f? 18 SIMBAL Link number of element 17.
J J INPDAT Position of comma or blank
& space in string ST.
'y J PRNINP Storage for user's ending
oy node.,
5% J several Do loop control variable.
:EB JMAX TIMEIN Number of pipes to exclude, 4
)
ég JOB /JOB/ Job name,
PY b
L JO INPDAT Flag: 0 indicates no supply
X ig point,
bﬁ JO OPTINT Do loop counter., i
l.'
' Jo PUMP Link number.
s |
.0
e 28-60
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3. Part 2 of 2
. : Change 6
-
"
AL SUBROUTINE
e VARIABLE OR
" NAME / COMMON/ DEFINITION UNIT
N
o J1 JJ Location of Tl in ST.
x
“\.'
b J2 JJ Location of T2 in ST,
.&) K INPDAT Collating weight of
%_' character in string ST.
1
,‘: KC /COST/ Number of cost functions,
‘s
GO% KS /COST/ Number of SIZES.
¢
N ’ KEY OPTDAT Optimization keywords.
'l
iy KEY1,KEY2, INPDAT, Strings containing
\ﬁ: KEY3 ERROR current simulation keywords.
n‘ "
o
o KTYPE DECINP, INPDAT, Keyword.
"\‘ INPCST,OPTMOD
TIMEIN
‘-."
" KTYPF DECINP, INPCST, Second keyword in input
dpa OPTMOD, TIMEIN string.
P} r
ﬁf¢? KW TIMEIN String containing available
A time keywords,
\;}ﬁ‘ ;
) ,
w,: KO PRNINP Temporary variable.
IO
i’..
D) KO OPTINT Number of combinations
: QUEU in IFS.
.-0".‘
fﬁ. K0, Kl OPTMOD Internal node number and
: ot internal link number.
A
Y Kl DECINP Collating weight of
o INPDAT character.
.‘-'_,
.ﬁ: L DECINP Number of numeric values
jnJ read in input string.
ph
o L INPDAT Number of numeric values
o read plus one,
'|‘|:n
"W
35§ L PRNINP User link number.,
)
"o
oy
[ ¥
oA
\9
": 28-61
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Part 2 of 2
Change 6
SUBROUTINE
VARIABLE OR
NAME / COMMON/
LIST(5) TIMEOT
LL INPCST
LNL Parameter
LPAT(5) /TIME/
LTF TIMEIN
LTP TIMEIN
LO PRNOUT
M(PNL) /MATRI/
M RESUL
MM DECINP
INPDAT
MNL Parameter
MOLD OPTINT
sSoQuU
MUNU /INTEGR/

P p { AN DROBO AR ONOOONOOOODENOB0G000GE
Rt MR ‘?a’;.nl,al!ﬁ‘t‘.,‘.l'~?s‘|“¢!,.|a’l"l‘4 B S e e R RN

DEFINITION UNIT

Header for printing of load-
ing patterns. LIST(2)=3
indicates second pattern used
is number 3.

Added to KS to update sizes.

First subscript on arrays
Nl and N2. (Maximum number
of links and maximum number
of nodes allowed.)

Loading pattern flag.
LPAT(2)=1 indicates
second loading pattern

is used., LPAT(1)=0
indicates first loading
pattern has not been used.

Ending time step of fire.

Ending time step of pump
running,

Line counter,

Number of nonzero entries
on matrix line,

Flag: 1 indicates that
rounding is to take place,

Flag: O indicates character
to left of decimal point;

1, character to right of
decimal point,

Limit of second subscript
on arrays Nl and N2,

Pattern number of pattern
combination with lowest
pressure,

Number of loading patterns,

28-62
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s Part 2 of 2
::. K Change 6
1"
b
%, SUBROUTINE
I
. VARIABLE OR
ot NAME / COMMON/ DEFINITION UNIT
)
:| . MO OPTINT Pattern and group number.
e EQSOLV
O SIMBOL
S
v N ENUMER Number of combinations to
3
r\; be tested.
%
e N RESUL Remaining digits to be
;*y assigned.
[\
4 NBA TMPRAR Flag: NBA=l before entering
e TIMSIM and NBA=-1 after
',,': TIMSIM,
Lt
"
$3ﬂ NERR INPDAT Number of input error.
e ERROR
@
KXY NF RETIME Number of fires in system.
gt STOTIM
;—'
;5'? NFIRE(5) /TIME/ User node supplying fire
) flow. NFIRE(l)=6 indicates
’ ‘ user node 6 is supplying the
w:% first fire entered.
SN
,{ﬁ : NOLI(10) /TIME/ User link or node number for
:f& which data are to be dis-
i played in the extended period
i) simulation. NUSR(1)=5
-;Q- indicates first node or link
: > entered for time output is
“MJ number 5.
xwﬂ
'
Suﬁ NOPU(20) /TIME/ User node number that con-
°® trols pump. NOPU(1)=10 indi-
&Ehy cates first pump entered is
“J} controlled by user node
K number 10,
4' -_‘r
L) » :
Y NOTANK TIMEIN Tank node. i
°.
) NP TIMEOT Number of loading patterns 5
% STOTIM in the extended period
) RETIME simulation.
G -
e NPATT TIMEIN Use pattern,
bi":
33
1

n 28-63
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ﬂ Part 2 of 2
. Change 6
\
]a SUBROUTINE N
& VARIABLE OR
. NAME /COMMON/ DEFINITION UNIT
) ————
o NPUC RETIME Number of pumps controlled >
_: STOTIM in an extended period
o simulation,
v NPUMP (20) /TIME/ User link number of pump.
A NPUMP(1)=30 indicates first
X pump entered has a user
y link number of 30,
% NS(15) /ARRAYS/ Number of sizes in group.
L4
. NSTEP /TIME/ Number of time steps.
L)
0
; NTANK(20) /TIME/ User tank number,
‘ NTANK(2)=15 indicates
f second tank entered has a
< user node number of 15.
\ NTN RETIME Number of tanks in system,
& STOTIM
p NTM TIMEIN Temporary storage for tank .
¢ number,
g NUM DECINP String containing numbers 1
INPDAT through 9. Used as an .
i internal collating sequence,
e,
NUM TIMSIM Number entered which
X corresponds to time step to
’ view,
1)
' NUMB RESUL String containing numbers 0
3 ouT through 9, Used as an
{ SIZEL internal collating sequence.
NUSR(10) /TIME/ Character array storing NODE

for nodes and LINK for links
that are to be printed out is
i subroutine TSOUT., NOLI(l)=

‘ NODE 1indicates first node
entered for time simulation
output is a node.

28-64
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‘
W SUBROUTINE
Pady ¢ VARIABLE OR
. NAME / COMMON/
Q_k: . NW TIMEIN
e
‘l,“
\
s NY /COST/
K N1(LNL,MNL) /MATRI/
E::'o
Wbl
L\
Lr N2(LNL,MNL) /MATRI/
o
~'g‘,
N3 (PNL) /INTEGR/
::
- N4 (PNL) PUMP
ey
)
;o r 0(15) /NODES/
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Part 2 of 2
Change 6

DEFINITION UNIT

Character string containing
numbers 0 through 9 to test
against leading character of
input string.

Number of years.

Line number. First subscript
is line number in matrix
(internal node number);
second is entry number of
nonzero coefficients on line.

Column number. Subscripts
are the same as for NI,

Array containing zone
assignments.

Array flagging nodes checked
for zone with a 1.

0(1) - Number of links

0(2) - Number of nodes

0(3) - Total link counter

0(4) - Flag: 1 if sparse
matrix accomplished

0(9) -~ Flag: 0 if svstem not

balanced; 3 if system
is balanced

0(10)~ Flag for PRVs and/or
check valves and
second time through
iteration

0(12)~ Flag: -3 indicates
last pass through
EQSOLV routine

0(14) Flag: 1 indicates
presence of dead-end
zones served by pump

28-65
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Part 2 of 2
Change 6
SUBROUTINE 4
VARIABLE OR
NAME /COMMON/ DEFINITION UNIT
OUTP OPTINT,OUT Output string. -
OPTERM, ENUMER,
SIZEL, RESUL,
TROUBL
00 SIMSTO Flag indicating file
SIMRET was created as a backup.
ol SIMSTO Number of links,
SIMRET
02 SIMSTO Number of nodes,
SIMRET
04 EQSOLYV Assigned to 0,1 and used
for comparison with X8.
PAT OPTRUN Loading pattern that
OPTINT generated lowest pressure,
OPTERM
PATT OPTINT String, flagging patterns \
which failed with character !
of collating weight 1. 3
PNL Parameter Highest allowable node and *
link number,
POLD OPTINT Lowest pressure in all psi
sSoQuU patterns,
POS RESUL Position of number in output
SIZEL string, OUTP,
PRAC /ACCU/ Accuracy to which pressure psi
distribution will be
computed when balancing a
system,
PRVS TSOUT String containing state of
PRV (e.g., CLOSED, OPEN, or
ACTIVE),
PSET INPDAT Pressure setting for PRV. psi
28-66
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;Q'l Change 6
ALY
“
“"n, SUBROUTINE
. VARTABLE OR
e NAME /COMMON/ DEFINITION UNIT
Y PT(5,PNL) /ARRAYS / Percent time running |
>0 of pump. First subscript is
oo loading number, second is
k" . internal link number.
. PT(2,101)=0.1 indicates pump
'{“ with internal link number
}4_ 101 has a percent efficiency
I of 0.1 under loading pat-
%ﬁ tern 2,
A0
l' -&
.~ PUBE /NAME/ Initial status of pump.
- PUBE="ON" 1if pump is ini-
o tially on and PUBE="OFF" if
4 2 pump 1s initially off.
et
\
gh' PUST(20,114) TIMSIM Status of pump at the begin-
b PUMPCO ning and end of each time
Fo e step over the extended period
s simulation, PUST(2,1)=-1
;3 indicates second pump entered
&1 is off at beginning of first
b time step. PUST(2,1)=1 indi-
. v cates second pump entered is
i?ﬁ on at the beginning of first
id& time step.
A
't S
) P8 ENUMER Minimum pressure in psi
ﬁy: EQSOLV iteration,
: OPTBAL
;) OPTERM
A:..': OPTINT
e SIMBAL
"
)
l“% P8M PUMPH Minimum pressure in zone. psi
]
it P88 ENUMER Minimum pressure in previous psi
b EQSOLV iteration,
K- OPTBAL
S OPTERM
Ko ls OPTINT
0. .
"\ P9 PRNOUT Pump power. hp
L. r
e
¢ RATIO /TIME/ Value by which outputs are
-;3 . multiplied.
)
Hy
]
KN
1:.::

" 28-67
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EM 1110-2-505

Part 2 of 2
Change 6
SUBROUTINE
VARIABLE OR
NAME /COMMON/
RES1 TIMSIM
RES2 TIMSIM
Qo0 INPDAT
Q0,Ql SIZE
Q2,Q3 INPDAT
Q4,Q5 INPDAT
R1 INPDAT
R2 EQSOLV
R3 EQSOLV
R3 INPDAT
R3M EQSOLV
R&M EQSOLV
R22 /REALS/
R23 /REALS/
RS EQSOLV
S(PNL) /NODES/

) QN N0 ) $ 4 \ ! X
W b An"‘i.i l.,sl" "':..h'.h"h“'-",' "..i'g“"."i."o‘"‘ ! I.‘:’ _.l|.’|..‘l‘ A l‘.«.'.!' AL ‘..' COAIANAN AARAA NN S AN

"Illl-I'lI'II'-IIIIIII.'!""'I-I!!'I!I!INIlI!!RIll!IIHFH'Hl5I5lUIU'v!!'v!v'vvv!v!!vvwvvv'rtr!erwrty'xrxnxn!nr

DEFINITION

UNIT

Character string containing
"0123456789" to check if
user's response is a number.
Character string containing
NR to check if user's
response 1s an "N" or '"R."

Temporary array for
pump discharge.

Temporary variables for
Hazen-Williams coefficient,

Temporary variables for
determining pump charac-
teristic curve.
Temporary variables for
determining pump charac-
teristic curve,

Link number,

Temporary variable (head).

Sum of absolute head
adjustments,

Temporary storage for
Hazen-williams coefficient,

Maximum head adjustment,
Maximum flow imbalance.
Pressure tolerance.

Cost tolerance, multiplier,
Multiplying factor.
Diagonal member of matrix/
total hydraulic head/net

outflow at node. Subscript
is internal node number.

28-68
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“ Part 2 of 2
o Change 6
>,
e SUBROUTINE
. "I VARIABLE OR
NAME /COMMON/ DEFINITION UNIT

& .

ﬁ - SCO0(14) /ARRAYS/ Total system cost of Pareto $

y Optimal solutions, Subscript

'; is solution number,

' .

v SPR(14) /ARRAYS/ Minimum pressure for the psi
A Pareto Optimal solutions,
3_ Subscript is solution number,

’

)

o SI(15,10) /ARRAYS/ Pipe sizes in group. in,
™ First subscript is group
: number, second is number

e of size in group. SI(2,3)=12

q indicates third size in

M group 2 is 12 inches.

¢ SIZ(25) /COST/ Pipe sizes (e.g., SIZ(6)=

e 12 in, indicates that the

: sixth pipe size is

12 inches).

.

s

v 1SS(20,15) /CHARS/ Array containing the

y combinations of the Pareto
Optimal solutions, First

v subscript is combination

-~ number, second is group

A ‘ number,
L)
}
4, ST INPDAT,DECINP, User's input string.
OPTMOD, INPCST
(’
W STRNG TSOUT String containing node num~-
a STRING bers of links assigned for
?. printout. STRNG(1:2)=9
5_ indicates node number 9 is
in first two positions of
j; string.
:: S1 EQSOLV Head drop along link. ft

O TAH(20,57) TIMSIM Tank level as a function of ft
] . time. TAH(1l,1)=100 indicates

X first tank entered has a

z water level of 100 feet for

z first time step.

" TB1 TIMSTE Smallest "on" time for pumps hr
or closed time for pipes
g . greater than TOT/60.
>
é, 28-69
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‘.“'v
1"::
'!. ! SUBROUTINE
Wy VARIABLE OR
NAME /COMMON/ DEFINITION UNIT
Kare TC(15,10) /ARRAYS/ Total cost of a size in a $
] group, TC(3,2)= 76300
K : indicates size 2 in group 3
i has a cost of $76,300.
vy
th TEB(16,7) /TIME/ Time when pipe closes (exclu- hr
_&:{ sion begins). TEB(7,5)=7.3
,3;: indicates that the seventh
Wy excluded pipe entered closes
! for fifth time at time
‘ 7.3 hours.,
DN
555 TEE(16,7) /TIME/ Time when pipe opens hr
e (exclusion ends). TEE(3,1)=
»::::: 4,5 indicates third excluded
33@ pipe entered first opens at
® time 4.5 hours,
e
R 5 TE1 TIMSTE Smallest "off" time for pumps hr
! or open time for pipes
s" greater than TOT/60,
¥
TMAX /TIME/ Total time. hr
DN
Wils ™1 TSOUT Temporary storage for an
! element in array NOLI. TMl=
,4' NOLI(2) indicates second word
O in array NOLI 1is temporarily
i) stored in TM1,
s
T™2 TSOUT Temporary storage for an
> element in array NUSR.
'q%' TM1=NUSR(2) indicates second
el number in array NUSR is
® temporarily stored in TM2,
\
rﬁi' ™3 TSOUT Temporary storage for an
o element in array UNIT.
e TM1=UNIT(2) indicates
o) second word in array UNIT is
. temporarily stored in TM2.
:1.‘ TOS TSOUT String containing the char-
‘e acters "TO,"
ot
A
e
JW“
)
e
:-':.,A 28-70
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ﬁ Change 6
v SUBROUTINE
. T VARIABLE OR
. NAME / COMMON/ DEFINITION UNIT
. TOT FIRE Elapsed time of extended min
A PIPEX period simulation.
] TIMSIM
TIMSTE
\
[ TP OPTINT, OPTBAL Pump energy for all 1b=-ft

! SIMBAL, EQSOLV combinations,

TPB(20) /TIME/ Time when pump turms
on., TPB(2)=1 indicates
starting time of second pump
entered is the hour 1.

R "
™

PN

TPE(20) /TIME/ Ending time of pump running.
TPE(2)=3 indicates second
fire entered ends at hour 3,

- - -
-~

TPMP TIMSTE Smallest of the smallest off hr
and on times for pumps and
" pipes.
; TPO /REALS/ Pump energy cost (present 1b-ft/$
! f worth) for largest pipe
sizes,
N
2 . TP1 OPTINT Pump cost (present worth), $
TP2 /REALS/ Pump cost (present worth) $
for best combination,
TSLF /TIME/ Step size. hr/step
A TYPE DECINP First keyword from previous
A INPCST entrv,
{ OPTMOD
. TYPF DECINP Second keyword from previous
5 INPCST entry.
'_ OPTMOD
11
[ . TO EQSOLV Absolute value of head deep
< along link.
] T2 INPDAT Assigned to ",".
L]
' . T3, T4 INPDAT Temporary storage for begin-

ning and ending node.

28-71
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Part 2 of 2
Change 6
\i
) SUBROUTINE
G VARIABLE OR
- NAME /COMMON/ DEFINITION UNIT
‘b\ UNIT(10) /TIME/ Character array storing
‘;‘ PSI, FT, or GPM for nodes
ot and links that are to have
Sﬁ output displayed in the
. extended period simulation.
"
" UPL(20) /TIME/ Upper tank water elevation. ft
K UPL(1)=100 indicates upper
~ water elevation for first
ﬁy tank entered is 100 feet.
1 4
Y e VALUE(30) DECINP Array of numeric input
{; INPCST values.
b INPDAT
v OPTMOD
e TIMEIN
o h
%; VEL PRNOUT Velocity in pipe. ft/sec
t
) w7 SIZE Equivalent pipe diameter fe
N in case of cleaning.
o
)
; X1 /COST/ Interest rate. frac- {
‘% tions
o of 1
:!:
5 XL (PNL) /PIPES/ Pipe length, if XL<100000 ft
v PRV, if XL>100000. Check
'3 value 1f XL<@. Subscript
v is internal link number,
i XLIST(10) TSOUT Array containing flows and gpm
.5 pressures of links and nodes psi
et assigned for printout.
? XLOF(57,5) /TIME/ Loading factor XLOF(2,3)=1.5
:f: indicates loading factor for .
- second time step, third ‘
- loading is 1.5,
° XLOL (20) /TIME/ Lower tank elevation. ft .
ry XLOL(2)=110 indicates
e lower water elevation
s for the second tank
I entered is 110 feet.
e
-
XLOW LOWP Lowest pressure head at ft
. end of time step. !
o
W2 28-72
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o Part 2 of 2
‘ Change 6
@
. SUBROUTINE
h i VARIABLE OR

. NAME /COMMON/ DEFINITION UNIT

- XLP(57) LOWP Lowest pressure of all nodes psi
I TIMSIM at end of time step.

4 XLP(2)=20 indicates lowest
o pressure at end of time

| step 2 1s 20 pounds per
4 square inch,

]

N XNO ENUMER Percent completeness of job. %
: XP(5,PNL) /ARRAYS / Minimum pressure. psi
’ XP(3,1)=40 indicates

third loading on node with
internal number of 1 is

a 40 pounds per square inch.

A XSTEP TIMEIN Number of time steps.

4
W X1,X2 OPTINT Temporary variables,

e X8 EQSOLV Average correction on node ft

¢N; heads.

'.'.l‘?‘t':fl N
- O) YO EQSOLV Temporary variable, used
"W in determining A element
o for pumps,
ﬂ~ '

v Y1 INPDAT Coefficient of quadratic
ﬁ term of parabola for charac-

teristic pump curve,
K. Y1,Y2 EQSOLV Temporary variables
o PRNOUT for pumps.
{ TSOUT

(] Y2 INPDAT Coefficient of linear term
R PRNOUT in the characteristic pump
\ curve,

N
: Y3 EQSOLV Temporary variable
4 PRNOUT for pump,

4
) Y3 INPDAT Shutoff head in charac- ft
N, teristic pump curve equation.
>
'S Y4 EQSOLV Temporary variable
tod for check valves.

] .“

4
L
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Part 2 of 2
Change 6

28-38. Changing Array Dimensions. This paragraph describes when to change
parameters in the program. When entering large systems or ones with ineffi-
cient numbering schemes, one or more of the parameters in the program may need
to be increased. Parameters, their definitions, and when they may need to be

increased to allocate additional memory are listed below.

PARAMETER DEFINITION WHEN TO INCREASE

IA Subscript on the When entering a large
A array, the entry system, WADISO will
in the coefficient display a message
matrix, notifying the user

to increase the
parameter when unable
to balance a system of
this size.

LNL First subscript When entering a system
on N1 and N2 exceeding the maximum
arrays. allowable number of

links. WADISO displays
this limit at the
beginning of the program
run.

MNL Second subscript When balancing a large
on N1 and N2 system or one with a
arrays. wide range of link and

node numbers. WADISO
will notify the user
when it is necessary
to increase this
parameter.

PNL Subscript on all When entering a node or
link and node link number exceeding the
arrays. maximum allowable link

To change any of these parameters, their values can be modified globally in

or node number., WADISO
displays this limit at the
beginning of the program
run,

the source code using an editor. The program must then be recompiled.
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